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ABSTRACT 

The  effects  of  thyrotrophin,  thiouracil  and  diets  containing  various  amounts 
of  iodine  upon  thyroidal  metabolism  of  radioiodine  were  studied  in  chicks. 

Great  variability  of  quantity  of  radioiodine  accumulated  by  the  chick  thyroid 
at  different  seasons  was  redemonstrated.  The  level  of  additional  administered 
iodine  did  not  appreciably  affect  this  variability’.  TSH  increased  the  absolute 
thyroid  uptake  of  I*’*;  additionally  administered  iodine  and  thiouracil  de¬ 
pressed  it. 

Labeled  monoiodotyrosine,  diiodotyrosine,  triiodothyronine,  and  thyroxine 
were  found  in  normal  chicks.  Their  proportions  were  altered  by  the  various 
experimental  conditions  and  by  season  alone.  Thyrotrophin  favored  thyroxine 
production.  Thiouracil  appeared  to  block  hormone  synthesis  at  the  monoiodo¬ 
tyrosine  stage.  With  time,  MIT/DIT  ratios  of  more  than  seven  were  progres¬ 
sively  developed,  indicating  accumulation  of  MIT  in  thiouracilized  thyroids. 

Some  of  the  factors  in  the  well  known  seasonal  variability  of  thyroid  function 
in  chicks  arc  discussed. 

STUDIES  of  the  utilization  of  radioiodine  by  thyroids  of  cyclostomes, 
fishes,  amphibians,  reptiles,  and  mammals  have  generally  revealed  a 
surprisingly  uniform  pattern  of  biochemical  events  (1).  However,  because 
information  was  lacking  until  recently,  it  has  been  impossible  to  make  gen¬ 
eralizations  which  would  include  the  avian  thyroid.  This  is  surprising  in 
view  of  the  popularity  of  use  of  the  newly  hatched  chick  in  bioassay  of  thy- 
rotrophic  hormone.  In  two  recent  reports  of  research  utilizing  radioiodine, 
I‘®‘,  Shellabarger  and  Pitt-Hivers  (2)  have  noted  the  production  of  tri¬ 
iodothyronine  by  chick  thyroids,  and  Vlijm  (3)  has  described  the  partition 
of  I'®‘  among  the  known  iodothyronine  and  iodotyrosine  fractions  in  nor¬ 
mal  and  goitrogen-treated  chicks.  Among  the  many  questions  left  un¬ 
answered  by  these  two  studies  is  the  relation  of  iodine  metabolism  in  the 
chick  thyroid  to  total  iodine  intake,  and  the  effect  of  thyrotrophic  stimula- 
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tion  on  metal)olism.  Tlie  work  reported  here  deals  with  these  two  ques¬ 
tions.  In  addition,  we  have  addressed  ourselv'es  to  the  problem  of  extreme 
variability  in  response  of  the  thyroid  of  the  day-old  chick.  This  type  of 
variability  is  often  so  great  that  large  groups  of  chicks  must  be  used  to  ob¬ 
tain  statistically  valid  results. 

M.\TERI.\LS  AND  METHODS 

The  3  .sets  of  experiments  reported  here  were  done  with  3  different  groups  of  White 
Leghorn  eoekerels*  and  at  different  times.  Sinee  eonsiderable  variation  was  found  from 
one  experiment  to  the  next,  and  it  was  possi!)le  that  the  variation  was  due  to  dietary 
and  temperature  differenees  experienced  hy  chicks  before  they  came  to  our  laboratory 

Table  1.  Plan  ok  experiments 


Kxper-  1 
iment  1 

Month  j 
used  1 

Ciroups  of  animals 

Temperature 

Basal  diet 

Age  at  the 
time  of 
injection 

Dose 

of 

jm 

1 

September 

Normal  chicks 

35°  C  (in  chick 
brooder) 

,  Purina  Super 
Chick  Startena 

2  days 

5  tiC. 

2 

November 

1.  Control 

2.  Birds  fed  thiouracil  (0,05%) 
from  9  days  old  until  sacri¬ 
fice 

Room  temperature 
(25-30°  C) 

Purina  Super 
Chick  Startena 
from  2  days  old 
to  8  da>'S  old; 

■  after  this,  low 
j  iodine  diet 

17  days 

10  jic. 

3 

January 

1.  Control 

1  2.  Birds  injected  daily  with  KI- 
solution  from  9  days  old  un¬ 
til  the  day  before  sacrifice 

3.  Birds  injected  daily  with 
TSH  from  13  da>'s  old  until 
the  day  before  sacrifice 

Room  temperature 
(25-30°C) 

Purina  Super 
Chick  Startena 
from  2  da>-s  old 
to  8  days  old; 
after  this,  low- 
iodine  diet 

17  days 

10  jtc. 

at  2  days  of  age,  in  2  experiments  they  were  kept  in  the  laboratory  for  periods  of  “adap¬ 
tation”  before  beginning  experiments.  Details  of  planning  of  each  of  the  3  experiments 
are  summarized  in  Table  1. 

Two  basal  diets  were  used,  a  eommercial  ehick  starter  mash  “Purina  Super  Chick 
Startena,”*  and  the  low  iodine  test  diet.®  Both  diets  and  water  were  available  ad  libitum 
and  were  freely  eonsumed.  The  basal  diets  were  altered  in  the  instances  specified  in 
Table  1  by  addition  of  thiouracil  powder  to  a  concentration  of  0.05%.  Iodide  was  given 
by  daily  subcutaneous  injection  of  30  /jg  as  the  sodium  salt.  Purified  beef  thyrotrophic 
hormone  (TSH)®  was  injected  subcutaneously,  0.5  mg.  per  day,  from  4  daj's  preceding 
psi.injection  until  the  day  before  sacrifice.  The  radioiodine  was  given  tracer-free  as 
iodide  bj’  intraperitoneal  injection  of  5  or  10  /xc.  Chicks  were  killed  in  groups  at  intervals 
up  to  120  or  168  hours  after  radioiodine  administration  with  chloroform  and  their  thy¬ 
roids  were  dissected  out  immediately.  The  thyroids  were  individually  homogenized  in 
0.9%  saline  solution.  .\n  aliquot  of  the  solution  was  taken  for  measurement  of  total 
thyroidal  radioactivity  in  a  well-crjstal  scintillation  detector.  .\n  aliquot  of  the  original 
radioiodine  solution  was  eounted  at  the  same  time  and  the  degree  of  thjToidal  iodine 

®  .\11  the  chicks  of  the  three  experiments  were  purehased  from  Hall  Brothers  Hatch¬ 
ery,  Wallingford,  Connecticut. 

*  Purina  Super  Chick  Startena  contains  0.5%  iodized  salt. 

®  Low-iodine  test  diet  was  purchased  from  Nutritional  Biochemicals  Corp.,  Cleve¬ 
land,  Ohio. 

*  Thyrotrophic  hormone  is  a  gift  of  Parke,  Davis  Company.  Its  assayed  strength 
was  10  J.-S.  units  per  mg. 
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accumulation  could  then  be  expressed  in  terms  of  per  cent  of  the  original  injected  dose. 
After  radioactive  iodine  measurement  the  homogenates  of  each  group  of  chicks  were 
extracted  together  with  saline  solution  and  prejjared  for  paper  chromatographic  anal¬ 
ysis  by  the  method  described  by  Lissitzky  (4).  This  procedure,  briefly,  involv(‘s  en¬ 
zymatic  hydrolysis  of  the  aqueous  saline  extract  of  thyroid.  .\n  acid  butanol  extract 
of  this  hj’drolysate  is  reduced  to  dryness  below  45°  C  and  a  butanol  solution  of  the 
residue  is  applied  to  paper  for  chromatography  with  butanol-ammonia,  or  butanol- 
acetic  acid  solvents.  Known  compounds  of  iodine  which  were  used  to  identify  the  un¬ 
known  radioactive  iodine  ehromatographic  spots  included  potassium  iodide  (KI), 
monoiodotyrosine  (MIT),  diiodotyrosine  (DIT),  3,5,3'-triiodothyronine  (TITX),  and 
thyroxine  (Tx).  The  distribution  of  radioaetivity  along  the  length  of  the  filter  paper 
chromatograms  was  determined  with  an  end-window  Geiger  tube  and  recorded  on 
grai)hs.  The  total  radioactivity  of  chromatograms  was  expressed  in  terms  of  the  num¬ 
bers  of  ruled  mm.  squares  on  the  graph  under  the  activity  curve.  The  numbers  of 
squares  under  the  activity  curves  of  iodide  or  the  several  radioiodinated  amino  acids 
were  counted  separatel}’,  and  the  percentage  of  radioactivity  of  each  of  these  compounds 
to  total  radioactivity  was  calculated. 


RESULTS 

Experiment  1.  Normal  ekieks.  There  was  much  individual  variation  in  the 
uptake  of  T®*  by  the  thyroid  gland  (Table  2).  At  maximum  only  1.10%  of 
the  injected  dose  was  accumulated  by  the  thyroid;  this  was  observed  in  a 
bird  killed  at  48  hours  after  the  isotope  injection. 

For  chromatography,  because  of  the  low  uptake,  the  thyroid  glands  of 
the  birds  of  two  groups,  killed  at  two  successive  time  intervals,  were 
homogenized  together.  The  birds  sacrificed  at  168  hours  after  r®‘-injection 
were  not  used  for  this  analysis.  In  the  thyroid  glands  of  the  birds  killed  at 
6  and  12  hours  after  I'^'-injection,  most  (79%)  of  the  radioiodine  was  found 
as  MIT  and  DIT  (Table  3),  in  approximately  equal  proportions.  A  small 
amount  of  radiothyroxine  was  detected,  but  no  TITN.  Almost  the  same 
results  were  obtained  in  the  birds  of  other  groups  killed  later,  but  TITN 
and  one  unknown  substance  were  detected  in  trace  quantities  in  these 
birds.  The  Rf  of  the  unknown  substance  was  about  0.44  in  butanol-am¬ 
monia  solvent. 

Experiment  2.  EJfcet  of  a  low-iodine  diet  and  thiouraeil  on  radio-iodine  metab¬ 
olism.  Although  individual  variation  was  large,  it  was  clear  that  the  maxi¬ 
mum  thyroidal  uptake  of  radioiodine  took  place  by  6  hours  after  admin¬ 
istration  of  the  isotope  both  in  thiouracil-treated  and  control  birds  (Fig.  1). 
Thiouraeil  inhibited  the  uptake  of  radioiodine  by  the  thyroid  gland.  In  the 


Table  2.  Uptake  of  radioiodine  by  the  thyroid  glands  ok  normal  chicks  fed 

PURINA  SUPER  CHICK  STARTENA,  EXPRESSED  AS  PER  CENT  OF  TOTAL  DOSE; 
STANDARD  ERROR  INDICATED,  EXPERIMENT  1 


Hours  after  im  Injection 

6  1 

12  1  24  1  48 

72  96 

168 

Number  of  birds  killed 

5 

5  5 

5  5 

5 

Uptake 

0.25±0.071 

0.35±0.178io.24±0.047 

0.44  ±0.182 

0.32±0  113j0. 26  1  0.087 

0.1310.056 
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Tabi.e  3.  Relative  proportions  of  radioiodine  compoinds  in  thyroid  olands, 

EXPRESSED  AS  PER  CENT  OF  TOTAL  EXTRACTABLE  RADIOACTIVITY 
FROM  THE  GLANDS.  EXPERIMENT  1 


Birds  used 

Iodide 

MIT 

plus 

DIT 

I*’'  in 
.MIT 

Tx 

TITN 

Uknown 

substance 

I”'  in 
DIT 

Birds  killed  at  6  and  12 
hours  after  I'^'-injection 

1 .9 

78.0 

1.1 

1.9 

— 

— 

Birds  killed  at  24  and  48 
hours  after  I‘’'-injection 

1.8 

83.4 

1 .0 

4.4 

0.9 

2.0 

Birds  killed  at  72  and  90 
hours  after  I‘’‘-injection 

2.2 

07.0 

1 .0 

5.0 

(Tx-t-TITN) 

1.8 

birds  fed  the  low  iodine  diet  thyroidal  radioiodine  fell  rapidly  from  the  6- 
hour  peak  (30%)  so  that  only  about  half  of  the  peak  value  remained  at  24 
hours  after  I‘®*-injection.  The  rate  of  decrease  of  thyroidal  radioiodine  was 
similar  in  both  groups  (Fig.  1). 

Radiochromatographic  analysis  revealed  that  in  the  thyroid  glands  of 
the  thiouracil-treated  birds,  most  of  the  radioiodine  (74-83%)  was  present 
as  MIT  and  DIT.  Radioactive  MIT  greatly  exceeded  DIT  (Table  4).  The 
ratio  MIT  DIT  which  was  2.4  at  6  hours  after  r®‘-injection,  increased  to 


Fig.  1.  Thyroidal  radioiodine  accumulation  and  loss  in  thiouracil-treated  chicks 
and  controls  fed  a  low  iodine  diet.  Experiment  2.  Numbers  in  parentheses  indicate 
numbers  of  animals  represented  by  each  point.  Vertical  lines  show  standard  error. 
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Table  4.  Relative  proportion  of  radioiodine  compoi  nds  in  thyroid  glands, 

EXPRESSED  AS  PER  CENT  OF  TOTAL  EXTRACTABLE  RADIOACTIVITY 
FROM  THE  GLANDS.  EXPERIMENT  2 


1 

Group 

Time 

intervals  1 
killed  ! 

after  I”'-  ! 
injection  | 

i 

Iodide 

.MIT 

plus 

DIT 

I’’*  in 
MIT 

I”*  in 
DIT 

Tx 

TITX 

Unknown 

substance 

Thiouracil-treated 

6  (5)*  i 

0.7 

83.2 

2.4 

1 .7 

,  - 

_ _ 

birds 

12  (5) 

_ 

80.4 

4.1 

— 

i  - 

— 

24  (5) 

— 

83.2 

3.3 

- - 

!  - - 

— 

48  (5) 

0.4 

73.5 

7.3 

— 

— 

— 

Control  birds  fed 

6(5) 

1  .4 

62.8 

1 .7 

14.1 

0.6 

0.5 

low  iodine  diet 

12  (5) 

2.4 

64.3 

1.2 

13.3 

2.4 

1.4 

24  (5) 

4.6 

55.5 

1 .5 

18.5 

4.6 

4.6 

48  (4) 

4.2 

56.9 

1 .7 

21 .0 

2.6 

1.1 

72  (5) 

5.() 

61 .7 

1.6 

10.3 

4.6 

5.0 

*  Numhprs  in  parentheses  indicate  numlier  of  ehieks  in  each  test. 


l^^  at  48  hours.  Kadioiodide  and  radiothyroxine  were  present  in  trace 
quantities.  The  unknown  .substance  was  not  detected.  In  the  birds  fed  the 
low-iodine  diet  most  radioiodine  (57-64%)  was  found  also  in  the  MIT  and 
DIT  fractions.  The  total  of  radioactive  MIT  and  DIT  was  greater  in  per¬ 
centage  in  the  thiouracil-treated  birds  than  in  controls.  Hadio-MIT  ex¬ 
ceeded  radio-DIT,  but  to  a  much  smaller  extent  than  in  thiouracil-treated 
birds.  The  ratio  of  MIT  DIT  varied  from  1.5  to  1.7.  Tx  (10-21%)  and 
TITX  (1-5%)  were  found  in  the  birds  killed  at  all  intervals.  An  unknown 
substance  was  detected  in  small  proportions  (0.5  to  5.0%).  Its  Kf  in  bu¬ 
tanol-ammonia  .solvent  was  0.48. 

Experiment  3.  E^(feet  of  TSH  and  KI  on  radioiodine  metabolism.  The  uptake 
by  tlnroid  glands  was  greatly  increa.sed  by  pretreatment  with  TSH  (Fig. 
2).  The  maximum  uptake  in  TSH-treated  birds  was  about  15%  of  the  in¬ 
jected  dose,  and  it  took  place  by  6  hours  after  I'*'  injection.  It  was  not  as 
rapidly  lost  from  the  thyroid  as  in  Experiment  2.  At  24  hours  after  injec¬ 
tion  about  13%  of  the  injected  I‘®*  was  still  held  by  the  gland.  After  that 
the  decrea.se  of  I'®‘  in  the  thyroid  glands  was  more  rapid.  At  48  hours  after 
the  injection  only  4.7%  of  the  injected  dose  (31%  of  the  peak  value)  re¬ 
mained.  The  maximum  uptake  by  the  glands  of  control  birds  fed  the  basal 
low-iodine  diet  occurred  by  6  hours  after  I'^'-injection  (P^ig.  2)  and  it  was 
le.ss  than  one-.seventh  (about  2%  of  the  administered  radioiodine)  of  the 
value  for  TSH-treated  birds.  Thyroidal  radioiodine  of  low-iodine  diet 
chicks  decreased  to  about  half  of  the  peak  quantities  at  24  hours  after  P®*- 
injection. 

In  the  birds  injected  with  KI,  the  accumulation  of  I**'  by  thyroid  glands 
was  inhibited  and  there  was  much  individual  variation  (Table  5).  The 
maximum  thyroidal  uptake  was  0.36%  in  one  bird  killed  at  12  hours  after 
r®'-injection. 
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Table  5.  Uptake  of  radioiodine  by  the  thyroid  glands  of  KI-injected  chicks, 
EXPRESSED  AS  PERCENT  OF  TOTAL  DOSE.  EXPERIMENT  3 


Hours  after  I”*  injection  1 

0 

12  1 

24  i 

48 

120 

Xumber  of  iiirds  killed 

4 

4 

4 

4 

4 

Uptake 

0.15±0.0(i8 

U.16±0.074 

1 

0.21  ±0.0:i3 

0.14±0.042 

0.07+0.022 

In  all  three  groups  of  birds  in  this  experiment,  most  of  the  radioiodine 
was  present  in  MIT  and  DIT  fractions  (Table  6).  The  ratio  of  radioactive 
MIT  to  DIT  in  contrast  to  the  earlier  experiments,  was  always  less  than 
1.0.  In  addition  to  stimulating  a  greater  total  thyroidal  I'®‘-uptake  (Fig.  2), 
TSH  appeared  to  stimulate  formation  of  slightly  greater  proportions  of 
radio-Tx  (Table  6).  Furthermore,  the  peak  in  radiothyroxine  formation 
occurred  much  earlier  in  TSH-treated  chicks  than  in  controls  or  Kl-in- 
jected  animals.  Labelled  TITN  was  found  in  all  groups,  in  almost  equiva¬ 
lent  proportions  (0.8  to  3.7%).  Iodide  and  one  unknown  substance  (Hf  in 
butanol-ammonia:  0.40)  were  detected  in  small  quantities  in  the  three 
groups. 

DISCUSSIOX 

One  of  the  most  serious  drawbacks  in  the  use  of  the  thyroid  response  of 
newly-hatched  chicks  for  bioassay  of  th\  rotrophic  hormone  is  its  variabil¬ 
ity.  To  overcome  this,  the  use  of  large  groups  of  untreated  control  birds  has 
been  recommended  (5),  as  well  as  more  involved  techniques  such  as  pre¬ 
treatment  with  propylthiouracil  and  thyroxine  (6).  Another  type  of  vari- 


Table  6.  Relative  proportions  of  radioiodine  co.mpocnds  in  thyroid  glands, 

EXPRE.SSED  AS  PER  CE.'T  OF  TOTAL  EXTRACTABLE  RADIOACTIVITY 
FROM  THE  GLANDS.  EXPERIMENT  3 


! 

1 

Time  | 

intervals 
killed  i 

MIT 

I'*'  in 
MIT 

1 

1 

Tv 

TIT  V 

Unknown 

_ 

after  1”'-  i 
injection  ! 

Iodide  j 

! 

DIT 

I‘**  in 
DIT 

i  X 

i 

! 

1  I  1 

1 

substance 

Birds  injected  with 

0  (4)* 

3.0 

68.3  ' 

0.6  ; 

9.7 

2.6 

3.9 

KI  i 

12  (4) 

3.4 

71 .3 

0.7 

6.8 

3.4 

2.6 

24  (4) 

2.7 

70.6 

0.7 

8.0 

1 .2 

6.2 

48(4) 

— 

75.1 

0.4 

13.7 

— 

1 .6 

120  (4) 

1 .0 

61 .2 

— 

16.7 

1.6 

2.5 

Birds  injected  with 

0  (5) 

1 .4 

64.5 

0.6 

18.1  i 

0.8  ] 

I  _ 

TSH 

i  12  (4) 

1.4 

59.8 

0.5 

15.1 

1  1.7 

0.9 

24  (4) 

1 .0 

59.7 

0.7 

8.8 

1  0.9 

_ 

48  (4) 

1 .8 

64.8 

0.4 

8.1 

!  1 .8 

— 

!  72  (4) 

3.6 

60.0 

0.4 

12.7 

i  120  (4) 

— 

66.0 

0.7 

9.3 

Control  birds  fed 

6(4) 

1  .2 

66.7 

0.9 

4.0 

2.0 

5 . 6 

low  iodine  diet 

12(5) 

1.7 

66.5 

0.9 

8.0 

— 

4.7 

24  (4) 

1 .4 

59.7 

0.7 

9.0 

2.4 

4.9 

48  (5) 

2.2 

65.1 

0.4 

8.9 

3.7 

2.9 

120  (5) 

— 

61.8 

— 

14.7 

— 

— 

*  Xumbers  in  parentheses  indicate  numbers  of  chicks  in  each  test. 
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ability  appears  to  he  seasonal  (7),  but  no  particular  predictable  pattern 
seems  to  be  characteristic  of  seasonal  variability  in  the  sensitivity  of  the 
chick’s  thyroid.  Many  possible  explanations  for  the  apparently  capricious 
reactivity  of  the  chick’s  thyroid  present  themselves,  but  none  has  been 
thoroughly  investigated.  Among  these  possibilities  are  differences  a)  in 
the  hen’s  or  chick’s  diet,  b)  in  degree  of  yolk  resorption,  c)  in  temperature 
experienced  between  hatchery  and  laboratory,  d)  genetic  stock.  It  is 
worthy  of  note  that  Bates  and  Cornfield  (6)  found  in  New  Hampshire  Red 
chicks  fed  a  completely  synthetic  diet  that  the  maximum  thyroidal  uptake 
of  from  week  to  week  varied  between  20%  and  60%.  Frey  and  Albert 
(8)  found  no  difference  in  thyroidal  uptake  of  I'*'  between  chicks  fed  a 
commercial  diet  and  others  that  were  fasted. 

Our  own  observations,  summarized  in  this  paper,  confirm  the  reports  of 
various  authors  concerning  the  individual  and  seasonal  variations  in  quan¬ 
titative  aspects  of  thyroidal  function.  Beyond  this,  our  data  show  that  this 
variability  extends  into  the  qualitative  aspects  of  thyroidal  biosynthesis 
of  hormone. 

It  is  clear  that  some  of  the  variability  in  radioiodine  accumulation  by 
newly  hatched  chicks  can  be  explained  on  the  basis  of  diet.  In  h^xperiment 
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Fig.  2.  Thyroidal  radioiodino  accumulation  and  loss  in  TSH-treated  chicks  and 
controls  fed  a  low  iodine  diet.  E.xperiment  3.  Numbers  in  parentheses  indicate  num¬ 
bers  of  animals  represented  by  each  point.  Vertical  lines  show  standard  error. 
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3  the  dailj'  injection  of  30  of  iodide  depressed  the  maximum  thyroidal 
radioiodine  uptake  of  17-day  old  chicks  by  a  factor  of  about  8  (Fig.  2, 
Table  5)  below  the  maximum  uptake  by  chicks  fed  a  basal  low-iodine  diet. 
Comparablj'  low  thyroidal  uptakes  (less  than  1%)  were  seen  in  only  one 
other  experiment  in  2-day  old  chicks  fed  a  commercial  diet  which  con¬ 
tained  iodized  .salt.  It  would  be  tempting  to  conclude  that  low  thyroidal 
uptakes  of  radioiodine  in  chicks  are  due  to  dietary  dilution  of  the  i.sotope 
by  large  amounts  of  stable  iodine,  or  to  deposition  of  large  amounts  of 
iodine  in  the  yolk  bj’  hens  on  a  high  iodine  diet  (9).  The  statement  by 
Frey  and  Albert  (8)  that  starved  chicks  and  chicks  fed  a  commercial  mash 
have  similar  thyroidal  uptakes  contradicts  this  conclusion.  However, 
since  our  data  agree  with  the  well  established  reduction  of  thyroidal  P®'- 
uptake  by  augmented  dietary  or  environmental  stable  iodine  in  other 
vertebrate  forms  (11,  12),  it  .seems  reasonable  to  conclude  that  variations 
in  dietary  iodine  of  the  chick,  or  its  mother,  ma}’  be  the  basis  of  at  least 
.some  of  the  olxserved  variability  in  thyroid  function. 

Thyrotrophic  hormone  produced  a  .seven-fold  increa.se  in  the  peak  value 
of  radioiodine  accumulation  by  the  thyroid  (2%  increa.sed  to  15%)  (Fig. 
2)  which  agrees  with  the  well  known  stimulation  of  thyroid  weight  (5) 
and  histological  structure  (13)  used  as  the  basis  of  several  bioa.ssay  pro¬ 
cedures.  TSH  in  Experiment  3  (January)  increased  the  rate  of  lo.s.s  of 
from  the  thyroid  beginning  24  hours  after  I*®*  injection  (Fig.  2)  compared 
with  controls  fed  a  low-iodine  diet.  This  would  support  the  recommenda¬ 
tion  of  Bates  and  Cornfield  (6)  and  Piotrowski  ct  al.  (7)  that  radioiodine 
depletion  can  be  u.sed  as  the  basis  for  a  TSH-bioassay  procedure.  However, 
in  Figure  1,  which  summarizes  an  experiment  completed  in  November,  it 
is  clear  that  untreated  chicks  in  another  .season  may  have  an  even  higher 
thyroidal  I‘^‘  uptake  (30%),  while  fed  the  basal  low-iodine  diet  than  the 
TSH  treated  birds.  Furthermore,  the  rate  of  lo.ss  of  P*'  in  November  is 
even  more  rapid  in  untreated  chicks  than  it  is  in  TSH-treated  chicks  in 
January.  Since  both  were  fed  the  basal  low  iodine  diet,  an  attractive  ex¬ 
planation  of  the  .seasonal  difference  in  this  case  is  a  difference  in  endogenous 
TSH  secretion,  whether  basically  related  to  environmental  temperature, 
light,  or  other  experiences  of  the  experimental  birds.  Other  factors  are  not 
excluded,  of  course,  including  the  possible  seasonal  variation  in  the  ma¬ 
ternal  contribution  to  the  composition  of  the  egg  (10).  This  type  of  discus¬ 
sion  opens  many  more  questions  than  it  settles,  and  all  of  these  questions 
are  susceptible  to  experimental  analysis.  It  is  hoped  that  some  of  the  sug¬ 
gested  research  will  be  undertaken.  One  of  the  most  striking  facts  which 
this  study  has  yielded  is  that  the  “natural”  sea.sonal  variation  in  quantita¬ 
tive  radioiodine  uptake  in  thyroids  of  chicks  may  be  greater  (15-fold)  than 
any  induced  by  the  various  experimental  procedures  (7-  or  8-fold). 

Seasonal  variability  in  thyroid  function  extends  also  to  the  pattern  of 
biochemical  utilization  of  the  iodine  (Tables  3,  4,  6).  In  the  first  (Septem- 
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her)  experiment  in  which  the  P’‘-uptake  was  the  lowest,  radio-thyroxine 
formation  was  much  slower  and  reduced  in  proportion  (fraction  of  total 
thyroidal  radioactivity)  when  compared  to  the  second  and  third  experi¬ 
ments.  In  the  latter  two  experiments  the  maximal  proportions  of  radio¬ 
thyroxine  were  21.0%  and  14.7%.  It  is  to  be  noted  that  the  highest  pro¬ 
portion  of  radiothyroxine  formed  in  untreated  chicks  from  the  radioiodide 
was  in  those  chicks  with  the  highest  thyroidal  accumulation  of  Also 
the  largest  TITN  fraction  (4.(5%)  was  found  in  this  group  of  birds.  Thi- 
ouracil,  as  was  to  be  expected  (8)  blocked  the  formation  of  thyroid  hormone 
(Table  4),  TSH  accelerated  it  in  time  and  slightly  stimulated  it  in  extent 
(Table  6).  Injection  of  iodide,  although  it  depressed  uptake,  did  not  appear 
to  affect  appreciably  the  proportion  of  I‘®‘  found  in  hormonal  form.  With 
the  exception  of  the  thiouracil  block,  it  is  again  impressive  to  note  that 
seasonal  variations  in  thyroxinogenesis  may  be  much  greater  than  varia¬ 
tions  induced  experimentally  by  TSH  or  iodide  treatments. 

One  respect  in  which  the  normal  chick  thyroid  is  unusual  is  in  the  rela¬ 
tively  high  proportion  of  MIT.  This  was  noted  by  Taurog,  Tong,  and 
Chaikoff  (14)  in  an  adult  hen,  and  by  Vlijm  (3)  in  young  cockerels  about 
10  weeks  old.  In  our  three  experiments  the  ratio  MIT/DIT  was  high  (ca. 
1.0)  in  the  September  experiment,  higher  in  November  (1.2  to  1.7),  and 
reduced  in  January  (0.4  to. 0.9).  There  was  no  clear  tendency,  as  reported 
by  Vlijm  (3),  for  higher  ratios  earlier,  and  lower  ratios  later,  in  a  given  ex¬ 
periment  as  one  might  expect  if  MIT  were  a  precursor  for  DIT.  TSH  and 
iodide  treatment  had  either  no  effect,  or  slightly  favored  lower  ratios,  as 
might  possibly  be  expected  from  the  work  of  Leloup  and  Lachiver  (15). 
These  authors  claimed  that  in  the  rat  a  deficiency  in  dietary  iodine  favored 
the  production  of  those  iodotyrosines  (MIT)  and  iodothyronines  (TITN) 
with  the  smaller  number  of  iodine  atoms. 

It  is  of  particular  interest  that  after  thiouracil  feeding  ratios  of  radioac¬ 
tive  MIT  to  DIT  up  to  7.3  were  found.  The  value  of  this  ratio  increased 
from  2.4  at  6  hours  after  r®‘-injection  to  7.3  at  48  hours.  Thus,  it  would 
appear  that  in  the  chick  thiouracil  produces  a  block  in  thyroxine  synthesis 
between  MIT  and  DIT.  The  progressive  accumulation  of  labeled  MIT  due 
to  this  block  leads  to  the  growth  in  the  MIT/DIT  ratio  (Table  4).  In  the 
rat,  where  this  question  has  been  studied  intensively,  it  has  been  believed 
that  the  metabolic  block  provided  by  thiouracil  is  at  the  step  of  oxidation 
of  iodide  (16).  However,  recently,  Slingerland  et  al.  (17)  have  studied  this 
same  question  in  the  rat  and  found  that  increasing  concentrations  of  di¬ 
etary  propylthiouracil,  up  to  0.1%,  produced  radioactive  MIT/DIT  ratios 
which  increased  with  the  dose  up  to  a  value  of  15.0.  Measurements  of  the 
MIT/DIT  ratios  made  by  Slingerland  all  were  at  24  hours  after  radio¬ 
iodine  administration.  It  is  quite  possible  that  if  these  workers  had  studied 
the  phenomenon  as  a  function  of  time  after  P®*  injection  the  data  for  the 
rat  would  show  the  gradual  accumulation  of  radio  MIT  as  we  observed  it 
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in  the  chick.  Thus,  our  information  derived  from  the  study  of  the  birds’ 
thyroid  confirms  the  ev'en  more  striking  results  of  Slingerland  et  al.  sug¬ 
gesting  that  thiouracil  and  propylthiouracil  can  block  the  iodination  of 
MIT  to  form  DIT. 
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EFFECTS  OF  (^ORTISONE  UPON  BLOOD,  ADRENAL 
CORTEX,  GONADS,  AND  THE  DEVELOPMENT 
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Division  of  Orthopedics,  Department  of  Surgery,  rniversity  of 
California,  Los  Angeles,  Los  Angeles,  California 

ABSTRACT 

Domestic  birds  exhibited  a  high  tolerance  for  massive  doses  of  cortisone  and 
developed  osteoporosis  that  was  very  slight  in  the  rooster,  moderately  severe  in 
the  eapon,  and  severely  destructive  in  the  hen.  After  four  weeks  of  treatment, 
the  adrenals  and  gonads  were  atroi)hied,  and  there  was  hypercalcemia,  associ¬ 
ated  with  an  elevation  in  the  ultrafilterable  fraction  of  the  serum  calcium.  Egg 
production  generally  ceased  within  one  week,  but  a  few  birds  continued  to  lay 
irregularly,  or  briefly,  and  produced  shell-less  dwarf  eggs  with  a  membranous 
stalk.  Bone  was  resorbed  from  the  endosteal  surface  of  the  cortex  of  the  skele¬ 
ton  by  means  of  a  local  mechanism  that  did  not  require  formation  of  osteo¬ 
clasts.  Estrogen  injected  into  cortisone-treated  birds  produced  the  phospho- 
proteinemia,  phospholipidemia,  and  lii)ema  (associated  with  twenty-fold  rise 
in  the  non-ultrafilterable  fraction  of  the  serum  calcium),  the  same  as  in  normal 
birds.  Estrogen,  without  androgen,  did  not  give  the  hen  protection  against 
osteoporosis.  The  rooster  was  relatively  resistant  to  osteoporosis. 

Osteoporosis  is  a  physiopathological  disorder  of  the  skeleton 
found  in  White  Leghorn  hens  l)red  for  heavy  egg  production.  It  ap¬ 
pears  to  be  a  disorder  of  bone  influenced  by  endocrine  factors,  but  the 
pathologic  mechanisms,  metabolites,  and  metabolic  pathways  leading  to 
its  development  are  obscure.  How  cortisone  accentuates  osteoporosis  in  a 
susceptible  animal  is  of  special  interest. 

The  literature  on  the  action  of  cortisone  on  bone  metabolism  emphasizes 
the  relationship  between  the  ability  of  this  steroid  to  inhibit  protein  syn¬ 
thesis  and  retardation  of  growth  of  connective  tissue.  Karnofsky,  Ridge¬ 
way,  and  Patterson  (1)  found  that  cortisone  acetate  inhibited  growth  of 
the  developing  chick  embryo.  Ruskin,  Pomerat,  and  Ruskin  (2)  performed 
similar  experiments  on  explants  of  avian  tissues  and  concluded  that  the 
inhibitory  action  was  due  to  a  direct  effect  of  the  cortisone  on  the  cells. 
Kudzia  and  Champion  (2)  found  that  cortisone  in  doses  as  low  as  2  mg. 
per  kilo,  reduced  body  weight  and  egg  production  in  domestic  hens.  Pick 
and  Stammler  (4)  measured  body  weight  and  length  of  the  birds  and  con- 
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eluded  that  hydrocortisone  produced  significant  retardation  of  growth 
despite  normal  or  even  increased  food  intake.  Buno  and  Goyena  (5)  ob¬ 
served  suppression  of  growth  of  explanted  limb  buds  in  vitro.  Dulin  ((i) 
found  that  the  cockerel  was  more  resistant  than  the  capon  to  the  growth- 
inhibiting  effects  of  cortisone,  and  attributed  this  to  the  protective  effect 
of  endogenous  androgen.  He  also  found  that  cortisone  inhibited  develop¬ 
ment  of  the  testes  without  any  appreciable  reduction  in  the  weight  of  the 
pituitary,  and,  therefore,  possibly  without  diminishing  the  secretion  of 
gonadotropin.  Kowalewski  measured  the  uptake  of  radiosulphur  in  the 
bones  of  cortisone-treated  cockerels  and  found  markedly  lowered  synthesis 
of  .sulfated  components  of  connective  tissue  (7-8) ;  this  was  counteracted 
by  simultaneous  administration  of  17-ethyl-19-nor-te.stosterone  but  not  by 
methyltestosterone  or  testosterone  propionate. 

Montgomery  (9)  injected  large  doses  of  cortisone,  5  mg.  per  day,  in 
chicks  for  18  days  and  produced  extraordinary  stunting  of  growth.  Huble 

(10)  found  that  this  was  due  to  inhibition  of  endochondral  ossification  and, 
consequently,  failure  of  bones  to  grow  in  length.  Brown,  Meyer,  and  Brown 

(11)  adrenalectomized  roosters  and  found  that  cortisone  acetate  maintained 
the  body  weight  and  blood  electrolytes,  total  nitrogen,  and  sugar  at  normal 
levels. 

Follis  (12)  and  Sissons  and  Hadfield  (13)  described  nonspecific  inhibition 
of  bone  growth  by  cortisone  in  mice,  rats,  guinea  pigs,  and  rabbits.  In  mice, 
Gluckman  and  Shklar  (14)  observed  that  osteoporosis  was  produced  by 
cortisone  and  prevented  with  estrogen.  Sobel  and  his  as.sociates  (15)  con¬ 
cluded  that  cortisone  in  rats  caused  preferential  resorption  of  the  labile 
fraction  of  connective  tissue  protein  (hexosamine-rich  fraction)  without 
disturbing  the  metabolically  inert  mature  collagen  of  connective  tissue. 
Clark  ct  al.  (16)  injected  Ca^®  in  cortisol-treated  rats  and  ob.serv'ed  low 
absorption  but  no  catabolic  effects  on  bone  calcium.  The  effects  of  cortisone 
on  bone  appear  to  vary  with  dose,  age,  sex,  and  species.  The  rat  is  relatively 
resistant  to  osteoporosis.  Birds  are  apparently  susceptible.  The  object  of 
this  investigation  is  to  determine  the  nature  of  the  factors  responsible  for 
susceptibility  and  resistance  to  osteoporosis,  and  the  response  of  the  avian 
skeleton  to  cortisone  treatment. 

MATERIALS  AND  METHODS 

Capons,  roosters,  and  hens  were  observed  before  and  after  treatment  with  massive 
doses  of  cortisone,  and  for  various  periods,  as  will  be  described  in  a  running  account  of 
the  experiments.  The  bones  were  cut  in  cross  sections  grossly  on  a  band  saw  and  exam¬ 
ined  by  macro  and  microradiographie,  routine  histological  and  histoehernieal,  methods. 
The  left  ovary  and  both  adrenals  were  weighed  wet.  The  composition  of  the  blood  was 
examined  by  methods  described  in  previous  publications  (17-19).  He.xosamine  was 
measured  by  the  method  of  Boas  (20)  and  collagen  was  measured  by  the  method  of 
Neuman  and  Logan  (21). 
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RESULTS 

Control  roosters.  The  range  of  tlie  levels  of  eleven  constituents  of  the  blood 
of  10  control  roosters  is  shown  in  Table  1,  Column  II.  The  range  of  weight 
of  the  adrenals  and  gonads  is  shown  in  Table  2.  Microradiograms  were 
more  informativ'e  than  histological  sections.  A  cross  section  of  the  cortex 
of  the  tibia,  2.0  cm.  distal  to  the  knee  joint,  showed  a  homogeneous  struc¬ 
ture  with  primary  Haversian,  or  solid,  compact  lamellar  bone  and  a  few 
secondary  Haversian  systems.  The  Haversian  canals  were  small  and  uni¬ 
form  in  size,  20  to  40  n  in  diameter.  The  periosteal  surface  was  relatively 
avascular  (Figs.  1 A  and  3A). 

Control  hens.  The  composition  of  the  blood  of  10  laying  hens  is  shown  in 
Table  1,  Column  III.  The  range  of  the  weight  of  the  adrenals  and  ovaries 
is  shown  in  Table  2.  Egg  production  varied  from  14  to  21  during  a  four- 
week  test  period.  The  tibia  of  the  laying  hen,  compared  with  that  of  the 
rooster,  showed  a  thinner  cortex,  many  resorption  cavities,  Haversian 
canals  enlarged  to  200  to  oOO  microns  in  diameter,  and  definite  osteoporo¬ 
sis.  The  hexosamine  content  of  the  compact  bone,  as  shown  in  Table  3,  was 
also  somewhat  lower  than  that  of  the  rooster.  These  observations,  similar 
to  those  reported  previously  (19),  indicate  that  modern  laying  hens  bred 


Table  1.  The  composition’  ok  the  blood  after  fovr  weeks  ok  treatment 

WITH  CORTISONE  ACETATE 

(All  Results  Are  (Jiven  in  Mean  ±  Standard  Error) 


(I) 

Component 

(II) 

Control 

rooster 

(III) 

Control 

lien 

(IV) 

Control 

capon 

(V) 

Corti¬ 

sone 

rooster 

(VI) 

Corti¬ 

sone 

hen 

(VII) 

Corti¬ 

sone 

capon 

(VI  1 1) 
Cortisone 
+ostroKen 
rooster 

(IX) 

Cortisone 

4-estrogen 

hen 

(X) 

Cortisone* 

-hestrogen, 

capon 

No.  birds 

10 

10 

2 

10 

15 

10 

4 

12 

2 

Calcium,  nig.% 

9.4 

19.4 

10.1 

15.0 

14.1 

16.1 

99 

116 

94 

±1.0 

±6 

±0.9 

±3 

±2 

±6 

±19 

±12 

±8 

UF  Ca,  mg.% 

6.2 

7.0 

6.0 

8.4 

8.6 

8.0 

8.8 

8.9 

8.7 

±0.5 

±1 

±0.4 

±1.8 

±1.6 

±2.0 

±1.4 

±1.2 

±1.5 

Inorganic  phos- 

6.0 

8.0 

6.1 

6.0 

6.2 

5.8 

23.9 

24 

19.7 

phorus,  mK.% 

±0.7 

±2 

±  1 

±1.6 

±1.0 

±0.8 

±0.3 

±1.1 

±0.3 

Total  protein, 

4.2 

4.9 

3.9 

4.0 

3.7 

3.6 

8.4 

8.7 

.38.0 

gm.% 

±0.6 

±1.8 

±0.6 

±0.6 

±0.7 

±0.2 

±0.6 

±0.5 

±0.5 

Albumin,  mg.% 

1.1 

1.7 

1.0 

1.0 

1.2 

1.0 

1.0 

1.0 

0.9 

±0.1 

±0.2 

±0.2 

±0.4 

±0.3 

±0.2 

±0.1 

±0.1 

±0.2 

Globulin,  mg.% 

3.1 

3.2 

2.9 

3.0 

2.5 

2.6 

7.4 

7.7 

7.1 

±0.3 

±0.9 

±0.1 

±0.3 

±0.4 

±0.7 

±0.5 

±0.5 

±0.2 

A/G  ratio 

0.35 

0.51 

0.31 

0.33 

0.48 

0.37 

0 . 13 

0.11 

0.12 

±0.04 

±0.5 

±0.02 

±0.3 

±0.4 

±0.9 

±0.1 

±0.1 

±0.1 

Total  lipid,  mg.% 

450 

1500 

875 

‘too 

1882 

12(K) 

12,120 

15,191 

16,. 320 

±50 

±  5H6 

±25 

±100 

±501 

±205 

±  9(X) 

±370 

±  309 

Phospholipid, 

155 

402 

155 

320 

268 

245 

3,(K)1 

4,. 364 

4,460 

mg.% 

±32 

±349 

±5 

±51 

A54 

±7 

±382 

±944 

±  694 

.Mkaline  phospha- 

9.2 

12.1 

11.1 

12.0 

13 

13 

12.0 

14.1 

9.0 

tftse* 

±1 

±2.9 

±0.8 

±1 

±3 

±4 

±3 

±2 

±8 

Sugar,  mg.% 

208 

229 

220 

210 

237 

211 

239 

286 

168 

±8 

±19 

±17 

±11 

±41 

±55 

±41 

±5 

±28 

*  ^King-Annstrong  Units. 
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Table  2.  The  effect  of  cortisone  on  adrenal  and  ovarian  weights, 

EGG  PRODCCTION  AND  INTRAMEDULLARY  OSTEOGENESIS 


No.  of 
birds 

Sex 

Treat¬ 

ment 

Wt.  of 
adrenals 
mg. /kilo. 

(M±E)t 

Wt.  of 
gonads 
gm./kilo. 

(M±E)t 

.■\verage 
no.  eggs 
per  hen 

8  weeks 

Osteo¬ 
porosis 
in  cortex 

Intra¬ 

medullary 

bone 

10 

M 

control 

33.1+  4 

10.0+2 

— 

0 

0 

10 

F 

control 

85.0+  3 

18.8+3 

14-20 

1-2-1- 

1  + 

2 

C 

control 

80.2+  7 

— 

— 

2-1- 

0 

id 

M 

cortisone 

20.1+  1 

5.1+1 

— 

-  + 

0 

15 

F 

cortisone 

19.4  ±  2 

0.9±0.1 

2* 

3-4 -t- 

3-f- 

10 

C 

cortisone 

10.9+  4 

— 

— 

3-4 -t- 

0 

4 

M 

cortisone  & 
estrogen 

24. 9±  3 

0. 9+0.1 

— 

1-24- 

4-1- 

4 

F 

corti.sone  & 
estrogen 

9.6+  4 

1. 0+0.1 

7* 

3-4 -f- 

4  + 

2 

C 

cortisone  & 
estrogen 

11. 6±  6 

3-4-1- 

4-1- 

5 

M 

estrogen 

100.2  +  10 

2 . 7  ±  1 

— 

1-2-1- 

4  + 

5 

F 

estrogen 

111.1+12 

3.0  +  1 

10 

2-3-1- 

44- 

t  =  Mean  +  Standard  error. 
*  =  Miniature  eggs. 


for  peak  egg  production  are  afflicted  with  a  physiological  form  of  osteo- 
poro.sis  (Fig.s.  2A  and  3C). 

Control  capons.  The  levels  of  11  constituents  of  the  blood  of  two  capons, 
shown  in  Table  1,  Column  IV,  and  the  weight  of  the  adrenals,  shown  in 
Table  2,  resembled  that  of  the  rooster.  The  length  of  the  average  tibia  was 
10%  greater;  the  cortex  was  also  slightly  thinner  and  more  rarefied.  The 
Haversian  canals  generally  measured  20  to  80  n  in  diameter  and  there  were 
a  few  irregularly  di.stribuied  abnormal  large  Haversian  canals. 

Cortisone-treated  roosters.  Ten  birds  were  injected  with  cortisone  acetate, 
50  to  300  mg.  per  week  for  periods  varying  from  2  to  8  weeks.  The  gonads 
were  reduced  approximately  50%  and  the  adrenals  30%  when  expressed  in 


Table  li.  The  hexgsamine  and  collagen  content  of  varioits  form.s  of  bone  tissue 

AFTER  FOUR  WEEKS  OF  TREATMENT  WITH  LARGE  DOSES  OF  CORTISONE 


No.  of 
birds 

Sex 

Treatment 

Tissue 

Hexosamine* 

Collagen* 

3 

M 

Control 

Cortex 

40.0±9.1** 

300  ±47* 

3 

M 

Control 

Spongiosa 

46.2±6.4 

250  ±41 

5 

F 

Control 

Cortex 

31. 3  ±3. 7 

280  ±31 

5 

F 

Control 

Spongiosa 

46.2+4.1 

161  ±30 

5 

F 

Control 

Intramedullary  bone 

40.3  ±3.8 

128  ±12 

3 

M 

Cortisone-t  reat  ed 

Cortex 

27.0+3.8 

323  ±14 

3 

M 

f /ort  isone-t  reated 

Spongiosa 

42.0  ±3.1 

282  ±36 

3 

F 

Cortisone-treated 

Cortex 

22.5  ±2.0 

500  ±42 

3 

F 

Cortisone-treated 

Spongiosa 

35.0±2.4 

116  ±10 

3 

F 

Cortisone-treated 

Intramedullary  bone 

40.3  ±4.0 

128  ±11 

5 

F 

Estrogenized 

Cortex 

31.0±3.2 

363  ±29 

5 

F 

Estrogenized 

Spongiosa 

40.0±3.6 

215  ±20 

5 

F 

Estrogenized 

Intramedullary  bone 

43.0±6.7 

128  ±12 

*  =  Microgram.s  per  100  grams  of  drj’  weight  of  tissue. 

**  Arithmetical  average  ±  standard  error. 
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gm.  or  mg.  per  kilo,  of  body  weight.  The  composition  of  the  blood  and  bone 
of  roo.ster.s  with  hypercortisonism,  however,  was  the  same  as  that  of  control 
roosters  until  the  4th  week  of  treatment.  After  4  weeks,  many  of  the  birds 
showed  hypercalcemia,  associated  with  elevation  of  the  ultrafilterable 
fraction,  and  normal  levels  of  plasma  protein.  A  moderate,  but  definite, 
osteoporosis  appeared  after  6  weeks  of  cortisone  injections.  By  8  weeks,  the 
hexosamine  content  of  the  cortical  bone  tissue  had  diminished  slightly, 
while  the  content  of  collagen  remained  unaltered.  Microscopically,  how¬ 
ever,  there  was  no  qualitative  change  in  the  staining  properties  of  the  bone 
tissue.  There  was  no  intramedullary  new  bone  (Table  1,  Column  V)  (Figs. 
1C  and  3B). 


Fig.  1.  Microradiographs  X20  of  the  compact  bone  of  the  shaft  of  the  tibia  in  cross- 
section;  A.,  control  rooster  showing  dense  cortical  bone;  B.,  capon  treated  with  150  mg. 
of  cortisone  acetate  (50  mg.  per  week  for  3  weeks),  showing  beginning  of  enlargement  of 
haversian  canals;  C.,  rooster  treated  with  2400  mg.  of  cortisone  acetate  (200  mg., 
3Xweek  for  4  weeks),  showing  a  thin  cortex  with  many  enlarged  hav'orsian  canals; 
I).,  rooster  similarly  treated  with  2400  mg.  of  cortisone,  following  recover}-  for  0  weeks, 
showing  rejiair  of  the  cortical  bone  ami  overgrowth. 
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Fig.  2.  Mierorailiographs  Xo  of  cross- 
scction  of  the  tibia  including  the  marrow 
cavit}’,  3  cm.  distal  to  the  knee  joint;  A., 
control  laying  hen,  showing  cortex  with 
many  large  haversian  canals  and  lined 
with  a  spongy  deposit  of  intramedullar}- 
bone;  note  that  the  structure  of  the  com¬ 
pact  bone  of  the  normal  laying  hen  re¬ 
sembles  the  structure  of  the  cortex  of  the 
heavily  eortisonized  rooster;  B.,  hen  after 
laying  was  suppressed  by  1200  mg.  of 
cortisone  (300  mg.  per  week  for  4  weeks), 
showing  highly  osteoporotic  cortex  with 
large  amounts  of  unabsorbed  intramedul¬ 
lary  bone. 


Cortisone-treated  eapon.  Ten  birds  were  injected  with  cortisone  acetate 
(Merck)  in  doses  varying  from  15  mg.  to  50  mg.  per  kilo,  per  week  for  pe¬ 
riods  from  2  to  16  weeks. 

The  blood  of  cortisone-treated  capons  (Table  1,  Column  VII),  showed 
hypercalcemia  and  slight  hypoproteinemia.  The  hypercalcemia,  under 
these  circumstances,  was  due  to  an  elevation  of  the  ultra-filterable  fraction; 
this  differs  from  the  hypercalcemia  of  the  laying  hen,  which  is  due  to  an 
elevation  in  the  nonultrafilterable  fraction  of  the  serum  protein.  There  was 
no  hyperglycemia.  The  weight  of  the  adrenals  in  mg.  per  kilo,  of  body 
weight  was  reduced  to  12%  of  that  of  control  capons.  The  tibia  was  longer, 
lighter,  and  more  porous  in  the  untreated  capon  than  in  the  rooster.  In  the 
capon,  after  4  weeks  of  cortisone  treatment,  the  cortex  became  highly 
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Fig.  3.  Microradiographs  XoO  to  show  ostcones  of  the  cortex  of  the  tibia;  A.,  control 
rooster,  showing  mainly  lamellar  bone  with  a  few  mature  osteones  in  the  deep  layers 
and  variable  amounts  of  new  bone  with  low  density  calcification;  B.,  rooster  after  4 
weeks  of  treatment  with  2400  mg.  of  cortisone  showing  enlarged  vascular  channels,  un- 
rcmodelled  osteones  (one  osteone,  upper  left,  shows  a  lamella  of  new  bone);  C.,  control 
hen,  showing  the  many  enlarged  vascular  channels  similar  to  those  found  in  the  cor¬ 
tisone-treated  osteoporotic  male  except  that  there  are  many  osteones  with  lamellae  of 
new  bone;  D.,  hen  after  four  weeks  of  treatment  with  1200  mg.  of  cortisone  showing  thin 
corte.x,  enlargement  and  distortion  of  many  of  the  vascular  channels,  high  density  calci¬ 
fication  (hypercalcification),  and  no  osteones  with  low  density  lamellae  of  new  bone. 
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rarefied  by  resorption  of  compact  bone  and  enlargement  of  the  Haversian 
canals,  and  there  was  severe  osteoporosis.  Osteoblasts  and  osteoclasts  were 
scarce;  the  connective  tissue  covering  the  trabeculae  contained  fewer  cells 
and  more  fluid  spaces  than  normal.  There  was  no  intramedullarv  new  bone 
(Fig.  IB). 

Cortisone-treated  laying  hens.  Fifteen  birds  were  injected  with  cortisone 
acetate,  50  to  300  mg.  per  week  for  periods  varying  from  2  to  8  weeks.  The 
levels  of  the  plasma  protein,  lipid,  and  phospholipid  were  lower  (Table  1, 
Volumn  VI)  than  found  in  control  laying  hens  (Table  1,  Column  III).  The 
The  levels  of  calcium  were  the  same  as  in  controls  during  the  first  week  of 
treatment.  After  the  first  week,  the  hens  ceased  to  lay  and  the  level  of  the 
total  calcium  fell  to  the  same  as  that  found  in  cortisone-treated  capons, 
roosters,  and  resting  hens.  After  the  second  week,  however,  the  level  of  the 
ultrafilterable  fraction  of  the  .serum  calcium  was  markedly  elevated.  Paper 
electrophoresis  showed  that  there  was  neither  phosphoprotein  or  Xi  frac¬ 
tion  nor  phospholipid-lipoglycoprotein  or  X2  fraction  (17)  that  is  always 
a.ssociated  with  the  hypercalcemia  of  normal  laying  hens.  The  excess  cal¬ 
cium  in  the  .serum  from  the  cortisone-treated  hen  was  found  in  the  ultra- 
filterable  fraction  and  could  not  have  been  bound  to  phosphoprotein.  The 
level  of  the  serum  albumin  was  relatively  normal  but  the  globulin  was  gen¬ 
erally  low.  There  was  no  hypergh'cemia,  either  in  the  laying  or  the  resting 
hens. 

The  ovaries,  measured  in  gm.  per  kilo,  of  body  weight,  after  8  weeks  of 
treatment  with  cortisone,  were  reduced  to  1  per  cent  of  those  of  the  control 
hens.  The  number  of  follicles  appeared  to  be  the  same  as  normal  but  there 
were  none  that  were  growing  in  size,  yellow  in  color,  or  storing  egg  yolk. 
The  weight  of  the  adrenal  glands,  measured  in  mg.  per  kilo,  of  body  weight, 
after  8  weeks  of  treatment  with  cortisone  (Table  2),  were  reduced  to  22  per 
cent  of  the  weight  of  those  of  control  hens. 

The  cortex  of  the  long  bones  was  markedly  reduced  in  the  thickness  and 
showed  enlargement  of  the  Haversian  canals  with  a  scalloped  endosteal 
surface.  Remains  of  intramedullarv  bone  were  found,  as  in  laying  hens,  as 
long  as  after  4  weeks  of  injections  of  cortisone;  the  trabeculae  in  the.se  areas 
were  thin  and  sometimes  incompletely  calcified.  The  skeleton,  as  a  whole, 
was  hard,  but  light,  in  weight,  extremely  brittle,  and  difficult  to  cut  be¬ 
cause  of  excessive  fragmentation.  Microscopically,  the  compact  bone  was 
strongly  eosinophilic;  the  intramedullary  bone  was  basophilic  and  stained 
metachromatically  with  toluidine  blue  or  azure,  and  positive  with  periodic 
acid-Schiff  reagents.  The  cortex  was  fully  calcified  but  the  spongiosa  was 
partially  uncalcified  and  markedly  attenuated.  Wilder’s  stain  for  collagen 
showed  normal  fiber  bundle  and  cement  lines  (Figs.  2B  and  3D). 

After  4  weeks  of  treatment  with  large  do.se.s  of  cortisone,  the  hexosamine 
content  of  the  osteoporotic  skeleton  of  the  hen  was  as  low  as  22.5  ptg.  per 
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100  gm.  of  the  dry  weight  of  the  cortical  bone;  this  is  almost  30%  less  than 
in  normal  birds.  The  spongiosa  from  the  metaphyses  was  less  affected.  The 
hexosamine  content  of  the  intramedullary  bone  deposits  was  hardly  af¬ 
fected,  suggesting  that  it  consisted  largely  of  unresorbed  bone.  The  spon- 
giosa  and  cortical  bone  were  resorbed  and  may  have  been  replaced,  to  a 
limited  extent,  during  the  period  of  cortisone  treatment ;  in  the  process,  the 
bone  tissue  lost  hexosamine  containing  components  in  some  unknown  way. 
The  collagen  content  was  higher  in  cortical  bone  than  spongiosa  or  intra¬ 
medullary  bone,  but  generally  unaffected  even  by  prolonged  treatment 
with  very  large  doses  of  cortisone  (Table  3).  The  standard  error  in  the  re¬ 
sults  of  these  methods  suggests  that  the  changes  in  hexosamine  and  col¬ 
lagen  content  of  the  tissues  were  relatively  slight  even  in  animals  at  an 
advanced  stage  of  adrenal  hypercorticoidism. 

Egg  production.  Laying  ceased  in  hens  (10  to  10  months  of  age)  at  the  end 
of  the  first  week  of  cortisone  treatment.  Sev’eral  very  young  birds,  however, 
persisted  in  laying  for  2  to  4  weeks  during  treatment  even  with  very  large 
doses.  These  laid  only  one  or  two  dwarf  eggs  having  a  weight  of  10.3  to  15.9 
gm.  or  less  than  half  that  of  a  normal  egg.  Such  anomalous  eggs  were  shell¬ 
less  and  some  showed  a  stalk  or  membranous  attachment  (Table  2,  Fig.  4). 

Cortisone-  and  estrogen-treated  rooster.  Four  roosters  were  treated  with 
simultaneous  injections  of  125  mg.  of  estrogenic  substances,  Premarin 
(Ayerst),  and  300  mg.  of  cortisone  acetate  (Merck),  per  week,  as  described 
above,  and  the  effects  on  blood  and  bone  were  entirely  similar  to  those  ob¬ 
served  in  capon.  The  testes  showed  reduction  of  weight,  to  10%  of  normal 
controls,  as  compared  with  only  50%  reduction  in  roosters  treated  with 
cortisone  alone.  The  depressant  effect  of  estrogen  may  be  attributed  to 
inhibition  of  pituitary'  gonadotropin  (Table  1,  Column  VIII);  (Table  2), 

Cortisone-  and  estrogen-treated  hen.  Twelv^e  hens  were  also  treated  with 
simultaneous  injections  of  estrogen  and  cortisone  for  2  to  8  weeks.  The 
changes  in  the  composition  of  blood  produced  by  estrogen  were  not  pre¬ 
vented  by  cortisone  and  were  the  same  in  magnitude  as  in  control  hens 
(Table  1,  Column  IX).  The  exogenous  estrogen,  however,  did  not  restore 
the  progress  of  synthesis  of  yolk  protein  in  the  ovarian  follicles  and  de¬ 
creased,  rather  than  increased,  the  weight  of  the  ovary.  The  adrenal  glands, 
measured  in  mg.  per  kilo,  of  body  weight,  reduced  to  approximately  5%  of 
those  of  normal  control  hens. 

Cortisone-  and  estrogen-treated  capon.  Two  capons  were  treated  with  simul¬ 
taneous  injections  of  estrogenic  substances,  Premarin,  125  mg.  per  week, 
for  2  weeks,  and  cortisone  acetate,  15  to  50  mg.  per  week  for  2  to  10  weeks, 
and  the  blood  showed  hypercalcemia,  hyperproteinemia,  and  lipema  as 
extreme  as  in  the  intact  animal.  Cortisone  did  not  suppress  the  production 
of  yolk  proteins  or  lipids  produced  by  the  liver  under  the  stimulus  of  estro- 
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gen  (17-18).  The  bones  showed  extreme  osteoporosis.  There  were  small, 
irregular  deposits  of  intramedullary  new  bone. 

The  long  bones  showed  as  much  intramedullary  osteogenesis  as  seen  in 
controls,  but  some  of  the  new  bone  was  abnormal.  The  trabeculae  were  thin 
and  composed  of  large  amounts  of  incompletely  calcified  matrix  or  osteoid 
tissue  without  any  calcification.  Estrogen  did  not  prevent  the  development 
of  osteoporosis  in  the  cortex  (Table  1,  Column  X). 

Recovery  from  Osteoporosis.  Six  roosters  were  injected  with  100  mg.  of  corti¬ 
sone  acetate  .3  times  per  week  for  8  weeks,  and  sacrificed  at  intervals  of 
1,2,3,4,6,  and  8  weeks  after  the  last  injection.  During  the  first  2  weeks,  the 
levels  of  the  serum  total  protein  rose  from  below  to  above  the  normal  and 
gradually  returned  to  the  level  of  the  average  control.  The  level  of  calcium 
remained  elevated  as  high  as  15  mg.  per  cent  as  long  as  6  weeks  after  corti¬ 
sone  was  discontinued.  The  levels  of  other  components  varied  irregularly. 
The  weights  of  the  adrenals  and  testes  also  varied  irregularly  and  were  ap- 


Fig.  4.  Photographs  of  eggs  from  a 
pullet  treated  with  cortisone,  300  mg.  per 
week;  A.,  normal  egg  laid  during  the  first 
week  of  treatment;  B.,  dwarf  egg  with 
stalk  laid  during  the  third  week. 
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proximately  10%  below  the  normal  weight  in  one  bird  sacrificed  after  8 
weeks  of  recovery. 

The  bones  showed  an  interesting  rebound  phenomenon  in  which  the 
cortical  bone  became  denser  than  normal  and  sealed  from  the  marrow 
cavity  by  a  thick  layer  of  endosteal  new  bone.  The  sharp  line  of  cement 
substance  demarcated  the  old  and  the  new  compact  bone.  The  enlarged 
Haversian  canals  of  the  osteoporotic  compacta  became  filled  in  with  new 
bone  gradually  over  a  period  of  4  to  0  weeks  (Fig.  1 D). 

DISCUSSION^ 

Osteoporosis,  resulting  from  pharmacodynamic  doses  of  cortisone,  oc¬ 
curred  in  roosters  and  hens  when  definite  alterations  were  present  in  the 
composition  of  the  blood,  the  size  and  weight  of  adrenals  and  gonads,  and 
the  structure  of  the  skeleton.  The  adrenals  and  gonads  were  markedly 
atrophied  owing  presumably  to  direct  effects,  as  well  as  indirect  effects 
upon  the  pituitary  secretion  of  ACTH  and  gonadotropic  hormones.  Hypo- 
proteinemia  and  hypercalcemia  appeared  in  the  blood.  Osteoblastic  activity 
ceased  and  bone  tissue  was  resorbed  without  the  appearance  of  osteoclasts. 

Adrenal  cortex.  In  investigations,  to  be  published  later,  we  found  that  culls 
of  White  Leghorn  flocks,  afflicted  with  spontaneous  osteoporosis,  had 
plasma  levels  of  7  to  9  mS-  of  corticosterone  and  2  to  3  Mg-  of  17-hydroxy- 
corticosterone  per  100  cc.  of  blood  plasma.  Corticosterone  is  the  chief 
glucocorticoid  in  the  blood  of  avian  species  (23).  Quantitative  determina¬ 
tion  of  the  various  cortical  hormones  excreted  daily  in  the  urine  and  feces 
in  normal,  osteoporotic,  and  ACTH  or  cortisone-treated  birds,  should  pro¬ 
vide  additional  valuable  information  about  adrenal  physiology. 

Gonads.  The  levels  of  estrogen,  androgen,  17-ketosteroids  in  blood  and 
excreta  should  also  be  examined  by  newer  methods  in  birds  with  osteoporo¬ 
sis,  either  spontaneous  or  induced  by  cortisone  treatment. 

Hypercalcemia.  The  level  of  calcium  in  the  serum  of  the  rooster  was  re¬ 
markably  constant,  9.4  ±1.0  mg.%.  Following  cortisone  treatment,  roosters 
developed  a  hypercalcemia  associated  with  an  elevation  of  the  ultrafilter- 
able  fraction  of  the  serum  calcium.  The  mechanism  of  this  change  is  not 

*  The  terms  anabolism,  antianabolism,  and  catabolism  were  avoided  deliberately  in 
this  report  for  the  following  reasons:  estrogens  in  large  doses  are  powerful  growth- 
inhibitors  and  are  antianabolic  for  epiphyseal  growth,  but  in  birds  are  anabolic  for  intra- 
medullay  bone;  androgens  are  anabolic  for  somatic  growth,  but  are  antianabolic  for 
intramedullary  bone;  cortisone  is  antianabolic  in  small  doses  and  catabolic  in  large 
doses,  and  has  much  less  effect  on  intramedullary  bone  than  on  somatic  growth.  While 
these  terms  are  useful  for  clinical  metabolic  balance  studies,  according  to  Lipmann  (22), 
they  will  disappear  with  further  progress  and  understanding  of  the  chemistry  of  me¬ 
tabolism. 
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clear.  One  po.ssibility  is  that  the  high  calcium  content  of  commercial  diets 
for  domestic  fowl,  fed  to  a  bird  in  which  bone  formation  and  kidney  func¬ 
tion  were  suppressed  by  cortisone,  causes  the  level  of  calcium  in  the  plasma 
to  rise,  (irollman  (24)  found  hypercalcemia  following  cortisone  treatment 
of  nephrectomized  dogs. 

The  laying  hen  differs  from  the  rooster  and  the  capon  in  that  she,  nor¬ 
mally,  has  a  hypercalcemia.  The  calcium  that  is  added  to  the  plasma,  how¬ 
ever,  is  chiefly  nonultrafilterable  and  bound  to  a  phosphoprotein  that  is 
formed  along  with  a  phospholipid-lipoglycoprotein,  and  is  associated  with 
hyperglycemia,  lipemia,  and  other  changes  related  to  transport  of  special 
substances  for  the  growing  ova.  Such  changes  normally  found  in  the  blood 
of  the  laying  hen  can  be  produced  in  the  rooster  simply  by  injections  of 
estrogen.  None  of  these  changes  can  be  induced  in  the  rooster,  capon,  or 
hen,  by  cortisone. 

Cortisone  treatment  in  the  hen  and  capon  produced  a  slight  lowering  of 
the  lev'el  of  the  serum  globulin  with  no  appreciable  effect  upon  the  level  of 
albumin;  it  did  not  produce  a  corresponding  hypoproteinemia  in  the 
rooster.  The  lev^els  of  phosphoprotein,  total  protein,  pho.spholipid,  and 
phosphorus  in  transport  in  the  plasma  of  the  hen,  measured  either  by 
chemical  methods  or  by  paper  electrophoresis,  were  markedly  suppressed 
by  cortisone.  Cortisone,  in  suppressing  secretion  of  gonadotropin  (2())  and 
normal  ovarian  function,  eventually  interrupted  the  production  and  utili¬ 
zation  of  these  proteins.  The  liv’er  (the  organ  that  .synthesizes  X1-X2),  how¬ 
ever,  was  relatively  unaffected  because  birds  with  severe  hypercortisonism, 
injected  with  large  doses  of  exogenous  estrogen,  were  able  to  produce  the 
same  degree  of  phosphoproteinemia,  lipemia,  and  hypercalcemia  as  normal 
birds.  Thus,  cortisone  would  appear  to  exert  a  greater  adverse  influence 
upon  the  function  of  the  pituitary,  adrenal  cortex  and  the  gonadal  organs 
that  upon  other  tissues.  It  is  likely,  however,  that  competition  for  protein 
transport  mechanisms  may  function  to  favor  e.strogen,  rather  than  gluco¬ 
corticoid  hormones  in  birds,  as  in  mammals,  as  postulated  by  Szego  (25). 

Avian  osteoporosis.  The  cortex  of  the  long  bones  of  the  laying  hen  is  nor¬ 
mally  thinner,  and  much  more  porous  than  in  the  rooster,  and  .suggests 
that  a  low  grade  form  of  osteoporosis  is  physiological  in  the  female  during 
and  after  a  strenuous  period  of  reproduction.  Meister  (27)  described  osteo¬ 
porosis  in  Canadian  gee.se  during  the  molt  and  ascribed  it  to  endocrine  influ¬ 
ences.  The  molt  is  generally  regarded  as  under  the  control  of  the  thyroid, 
but  the  effects  of  other  endocrine  organs  and  the  relationship  to  osteoporo¬ 
sis  are  not  clear.  Cortisone,  low  calcium  diet,  parathyroidectomy,  high 
temperatures,  and  many  other  conditions,  can  precipitate  the  molt.  The 
characteristic  effect  of  cortLsone  upon  the  skeleton  was  to  accentuate  the 
normal  state  of  osteoporosis  of  the  hen,  promote  the  condition  in  the  capon, 
and  initiate  the  disorder  in  the  rooster.  The  mechanism  of  the  bone-resorb- 
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ing  action  of  cortisone  was  obscure.  Injections  of  this  steroid  caused  the 
cortex  to  become  thin  and  rarefied,  the  Haversian  canals  to  enlarge,  the 
endosteal  surface  of  the  bone  to  develop  a  scalloped  outline  (as  from  erosion 
progressing  from  the  inside  to  the  periosteal  surface),  and  each  bone  to  lose 
approximately  30%  of  its  osseous  mass.  This  occurred  with  hardly  any 
cellular  action  of  osteoclasts.  The  bone  tissue,  prior  to  its  resorption,  by 
some  elusive  change,  may  have  lost  hexosamine  without  reduction  in  its 
content  of  collagen.  The  concentration  of  hexosamine  reflects  the  amount  of 
mucoprotein  and  other  components  of  the  labile  fraction  of  the  body  pro¬ 
tein  stores.  Cortisone  is  generally  believed  to  mobilize  only  the  labile  pro¬ 
tein  while  it  inhibits  the  synthesis  of  collagen  and  other  components  of  the 
stable  protein  stores. 

The  chemical  change  in  the  bone  tissue,  concomitant  with  a  gradual  dis¬ 
appearance  of  both  osteoblasts  and  osteoclasts,  was  most  extreme  in  corti¬ 
cal  bone,  moderately  advanced  in  the  spongiosa,  but  hardly  recognizable  in 
intramedullary  deposits.  The  intramedullary  bone  is  formed  under  the 
influence  of  estrogen  and  appears  to  be  resorbed  when  the  level  of  estrogen 
in  the  blood  declines.  It  is  interesting  to  compare  the  effects  of  cortisone 
and  parathyroid  hormone  on  this  type  of  bone  tissue.  Parathyroid  hormone, 
which  invokes  osteoclastic  activity,  detaches  intramedullary  bone  from 
cortex;  cortisone  produces  resorption  without  formation  of  osteoclasts  and 
does  not  detach  intramedullary  bone  from  the  cortex.  This  suggests  that 
the  two  hormones  exert  their  effects  on  bone  tissue  by  different  mecha¬ 
nisms. 

Spontaneous  fractures  have  been  described  in  birds  following  treatment 
with  estrogen  (28-29).  This  has  been  attributed  to  osteoporosis  (19).  One 
possibility  is  that  the  causative  factor  is  hypersecretion  of  glucocorticoids 
through  stimulation  of  the  adrenocorticotropin  production  by  the  pituitary. 
This  requires  determination  of  the  adrenal  cortical  steroids  excreted  in 
urine  of  these  birds.  Androgenic  steroid  hormones  have  been  administered 
to  hens  in  our  laboratory  and  found  to  protect  the  skeleton  against  osteo¬ 
porosis  and  the  results  will  be  presented  in  a  later  communication. 
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STEROIDOGENIC  ACTIVITIES  OF  PURIFIED  «,  7, 

6-corticotropins  and  pepsin  degradation 

PRODUCTS  OF  K^ORTICOTROPIN' 
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Department  of  Physiology,  Baylor  University  College  of  Medicine,  Houston,  Texas 

ABSTRACT 

The  adrenocorticotropic  activity  of  the  purified  corticotropins  ai,  as,  «), 

/3,  7i,  72,  5i  has  been  determined  vs.  the  U.S.P.  Reference  Standard  for  cortico¬ 
tropin  in  an  in  vitro  assay  based  on  corticoidogenesis.  The  potencies  of  these 
various  preparations  in  C.S.P.  u./mg.  were:  ai  =  11.2  +  2.1;  a3  =  34.0±2.8; 
a4  =  25.8±5.1;  /3  =  94.5  + 10.6;  7,  =  11.6  +  2.0;  72  =  21.7  +  4.1;  5,  =  27.6  +  6.9. 

The  pepsin  degradation  products  of  /3-corticotropin,  P2,3,4  had  activities  respec¬ 
tively  of  27.5  +  7.9;  31.4  +  4.7;  21.5+  10.0,  in  I'.S.P.  u./mg.  All  these  prepara¬ 
tions  had  been  reported  previously  to  have  equal  and  maximal  activity  (80-100 
u./mg.)  in  the  adrenal  ascorbic  acid  depletion  test. 

SHEPHERD  et  al.  (1,.  8)  and  Bell  et  al.  (2)  have  reported  previously  in 
their  “Studies  with  Corticotropin”  that  the  specific  activities  (i.e 
number  of  U.S.P.  units  for  corticotropin/mg.)  of  all  their  highly  purified 
ACTH-peptides*  ai,  ao,  as,  a4,  /3,  71,  72,  73  were  identical  and  maximal 
(80-100  u./mg.)  in  the  classical  adrenal  ascorbic  acid  (A. A. A.)  depletion 
test  (4).  Fraction  5i  was  the  only  one  reported  with  a  lower  specific  activity 
(10  u./mg.);  however,  the  material  labelled  61  was  known  to  be  non-homo- 
geneous.  The  yields  of  the  various  components  after  counter  current  frac¬ 
tionation  of  oxycellulose-ACTH  (OC-ACTH)  were  respectively;  12%  a, 
J9%  (3,  19%  7  and  20%  5.  Since  the  main  purified  fractions  showed  equal 
and  maximal  adrenocorticotropic  activity,  Shepherd,  Bell  et  al.  decided 
that  “the  /3-fraction  (would  be)  selected  for  further  characterization  be¬ 
cause  it  represented  the  largest  single  active  component  (ca.  50%)  of  OC- 
ACTH”  and  for  other  secondary  reasons  related  to  the  number  of  degrada¬ 
tion  products  by  pepsin. 

The  series  of  experiments  reported  here  was  undertaken  with  the 
hypothesis  that  with  a  test  ba.sed  on  corticoidogenesis  and  not  the  ascorbic 
acid  depletion,  one  might  find  that  one  of  the  corticotropins  had  a  greater 
specific  activity'  than  the  others,  thus  qualifying  itself  to  repre.sent  the 
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*  The  terminology  used  in  this  paper  is  that  of  Bell  et  al.  (2). 
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main  product  endowed  with  tlie  maximal  biological  activity.  It  has  been 
decided  to  report  these  data  in  view  of  the  renewed  interest  in  the  “mini¬ 
mal  peptide  sequence”  of  natural  or  synthetic  origin  endowed  with  adreno¬ 
corticotropic  activity  (5,  6)  and  also  because  of  the  increasing  evidence  that 
the  classical  ascorbic  acid  depletion  test  may  not  consistently  parallel  true 
corticoidogenesis  as  measured  in  vivo  under  endogenous  or  exogenous 
corticotropic  stimulation  (7,  8,  9,  10,  11). 

MATERIALS  AND  METHODS 

Aliquots  of  the  following  purifi(*(l  materials  (of  hog  origin)  were  received  in  powder 
form  from  Dr.  P.  H.  Bell,  Lederle  Laboratories  Division,  American  Cj’anamid  Co.,  New 
York:  a,,  (S-413-182);  aj,  (S-1079-2S);  (S-1079-28);  /3,  (8-77(5-98);  7,,  (S-776-35); 

72,  (S-776-35);  6,,  (S-1079-24);  P2,  (S-1892-34);  P,,  (S-1692-1 16) ;  P4,  (8-1692-11(5). 
Reference  is  made  to  the  papers  (1,  2,  3)  by  8hepherd  et  al.  and  Bell  et  al.,  for  description 
of  these  various  preparations.  The  samples  were  received  in  this  laboratory  in  June  1957 
and  assays  were  run,  for  the  corticotropins  between  -\ugust  12-23,  1957,  for  the  pepsin 
degradation  products  between  8eptember  20-24,  1958.  In  both  laboratories  the  ma¬ 
terials  were  always  kept  refrigerated  and  in  desiccators.  According  to  Dr.  P.  H.  Bell, 
the  a,  7,  5  samples  were  85-90%  pure;  the  /3  sample  was  of  the  highest  degree  of  purity 
and  had  been  used  for  the  degradation  work  (2,  3).  These  substances  were  studied  for 
their  adrenocorticotropic  activity  in  the  in  vitro  assay  of  Saffran  and  Schallj'  (12).  In  all 
experiments  the  methylene  chloride  extracts  of  the  adrenal  incubation  fluids  were  chro¬ 
matographed  on  paper  in  the  E2B  system  of  Eberlein  (14)  with  corticosterone  and  al¬ 
dosterone  reference  standards.  The  corticosterone  area  was  eluted  and  the  concentration 
of  the  steroid  in  the  eluate  measured  by  I'.V.  absorption  in  the  Beckman  spectrojiho- 
tometer;  the  aldosterone  area  was  eluted  and  Molenaar’s  modification  (16)  of  the  Gornall 
reaction  was  carried  out  on  the  eluate  for  quantitative  measurement  in  the  spectropho¬ 
tometer  (studies  in  collaboration  with  Drs.  G.  W.  Clayton  and  J.  D.  8mith).  In  sev¬ 
eral  instances  the  eluate  of  the  aldosterone  area  was  a.ssayed  in  the  adrenalectomized  rat 
for  Na-retaining  activity  against  1-  or  dl-aldosterone  (studies  in  collaboration  with 
Dr.  H.  8.  Lipscomb).  The  C.8.P.  Reference  Standard  for  corticotropin  was  used  through¬ 
out  the  series  of  experiments.  Samples  were  dissolved  in  0.01  N  HCl  and  kept  frozen 
until  assay,  usuallj’  1  to  5  days  later;  the  U.S.P.  Reference  Standard  was  treated  simi¬ 
larly  and  simultaneously.  Assays  were  of  the  classical  programming  (4  points,  in  dupli¬ 
cate)  with  Si,  U1/S2, 1^2  =  5.  All  assays  were  studied  by  analysis  of  variance  and  factorial 
analysis  (13)  with  variance  ratios  calculated  for  significance  of  sample,  slope  and  diver¬ 
gence  at  p  =  0.05.  Confidence  limits  (antilog  C*M  ±CtsM)  of  the  computed  potency  and 
the  index  of  precision  X  =  s/b  were  calculated  for  each  experiment  (Table  1).  When 
several  assays  were  run  on  a  particular  substance,  the  mean  potencj'  reported  was  com¬ 
puted  from  the  average  of  the  unweighted  log  potencies.  The  standard  error  (S.E.)  of 
mean  potencies  as  reported  in  Table  1,  has  been  computed  from  the  average  of  the 
unweighted  and  crude  sm  of  each  assay,  thus  placing  equal  weight  on  the  internal  (within 
assays)  and  external  (between  assaj’s)  variances  of  the  combined  potency  estimates. 

RESULTS 

The  specific  activity  in  U.S.P.  u./mg.  of  the  various  corticotropins 
ai,3,4,  /3,  7i.2,  Bi  and  the  pepsin-degradation  products  P2,3,4  of  /3-corticotropin 
are  reported  in  Table  1.  He.sults  of  the  classical  assays  were  consistent  with 
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Table  1.  Steroidogenic  activities  ok  purikied  adrexocorticotropixs  and  of 


PEPSIN 

DEGRADATION 

PRODUCTS  OK  (i-.\CTH 

Substance 

tested 

Specific  activity  in  CSP  u./iiig. 

assays  at  P 

with  confidence  limits*  of 
=0.05 

mean  potency 
in  USP  u.  /mg. 
±S.K.** 

X  =8,  be 
of  each 
assay 

ai 

13.8  (  2  -  25) 

12.5  (  4  -  21) 

14.4(10-26)  6.2  (4-9) 

11. 2±  2.1 

.125 

.086 

.184 

.066 

ai 

37.7(21  -  60) 

.33.4(18  -2.5) 

31.4(13-  5,3) 

34. 0±  2.8 

.101 

.099 

.122 

a4 

29.9  (  6  -  51) 

22.3  (  5  -  38) 

25. 8±  5.1 

.145 

.124 

0 

91.9(57  -195) 

90.0(22  -254) 

102.0(57-372) 

94. 5±  10.6 

.106 

.231 

.139 

yi 

11.1  (  4  -  33) 

12.2  (  0.6-  18) 

11. 6±  2.0 

.121 

.162 

7* 

26.7  (18  -  44) 

17.6  (  6  -  48) 

21. 7±  4.1 

.079 

.149 

5i 

21.9  (  1.3-  34) 

34.8(13  -  64) 

27. 6±  6.9 

.181 

.134 

^-Pt 

27.5(12  -  61) 

27.5+  7.9 

.1,30 

^Pi 

31.8(11  -  92) 

31.0(11  -  87) 

31. 4±  4.7 

.215 

.182 

0-Pa 

21. 5(  1  -  31) 

21.5+10.0 

.188 

♦  Confidence  limits  computed  by  C’M  ±  Cts^. 

♦♦  8.E. ;  Standard  error  of  the  mean  potency  Si  eomputed  by  averaging  unweighted  sjk  and  crude  sy  for  each  series 
of  assays  (see  text).  For  0-Ps  and  d-P4,  S.E.  of  potency  calculated  as:  (100  (antilog  sji)  — 100)  Xantilog  Si. 

(lata  obtained  from  the  quantitative  measurement  of  the  corticosterone  in 
the  adrenal  incubation  fluids.  Results  obtained  svith  the  procedures  aimed 
at  studying  aldosterone  release  were  inconsistent  because  of  the  exceedingly 
small  amounts  of  substance  found,  whenever  any  was  detected ;  this  should 
be  related  probably  to  the  small  amounts  of  adrenal  tis.sue  involved  (16) 
and  the  relatively  short  incubation  time  utilized  here. 

The  various  corticotropin  preparations  differ  widely  in  their  specific 
activities  in  the  steroidogenic  assay  in  contradistinction  to  their  similar 
potencies  at  80-100  u./mg.  in  the  A.A.A.  depletion  test  as  reported  by 
Shepherd  et  al.  (1,  3)  and  Bell  et  al.  (2).  /3-corticotropin,  the  most  potent 
substance  in  the  experiments  reported  here,  is  the  only  one  for  which  the 
specific  activity  corresponds  to  the  value  obtained  earlier  in  the  A.A.A.  de¬ 
pletion  test  (1).  Whereas  ai.3.4,  71.2-corticotropins  appear  less  potent  in  the 
steroidogenic  test  than  in  the  ascorbic  acid  depletion  method,  61  conversely 
is  more  potent  here  (27.6  ±6.9  u./mg.  vs.  10  u./mg.  in  A.A.A.).  81  is  not  a 
homogeneous  material  and  is  known  to  be  contaminated  with  melanocyte 
stimulating  hormone  (MSH).  Its  considerable  corticotropic  activity  can¬ 
not  be  attributed  to  the  MSH :  recent  studies  (5)  have  indicated  that  in  the 
assay  system  used  here  highly  purified  /3-MSH  has  no  corticotropic  activity 
and  a-MSH  has  only  a  minimal,  though  not  negligible,  activity  (ca. 
3u./mg.).  The  pepsin  degradation  products  of  /3,  P2,3.4  reported  as  active 
as  the  “starting  /3-corticotropin”  by  the  A.A.A.  method  (2,  3)  are  much  less 
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potent  here  than  the  intact  39-peptide  /3.  If  at  is  truly  esterified-/3  as  sug¬ 
gested  by  Shepherd  et  al.  (1),  the  process  had  led  to  considerable  loss  of 
activity  (Table  1). 


DISCUSSIOX 

Possible  physiological  significance  of  the  absence  of  correlation  between 
the  data  observed  here  with  the  corticoidogenic  assay  and  those  reported 
previously  with  the  adrenal  ascorbic  acid  depletion  assay  (1,  2)  is  only 
speculative.  One  can  only  regret  that  with  the  chemical  studies  on  corti¬ 
cotropin  by  Bell  et  al.  (2)  and  Shepherd  et  al.  (1,  3)  no  rigorous  quantitation 
of  the  biological  activities  of  these  unique  materials  was  even  considered 
(1).  In  view,  however,  of  the  usually  excellent  slope  of  the  ascorbic  acid 
depletion  assay  and  also  in  view  of  its  short  range  of  optimal  utilization,  it 
would  be  very  surprising  that  one  could  err  by  factors  of  3  to  10  in  deter¬ 
mining  in  successive  assays  the  potency  of  an  unknown,  thus  accounting 
for  the  discrepancies  of  specific  activity  in  the  two  assay  systems.  Against 
this  proposed  explanation  is  also  the  remarkable  coincidence  of  the  po¬ 
tencies  for  /3-corticotropin  b}’  the  two  assay  methods.  One  might  consider 
the  possibilitj’  that  some  samples  may  have  deteriorated  even  though  kept 
in  the  best  conditions  in  both  laboratories;  the  correspondence  in  the  two 
assay  methods  of  the  specific  activities  for  /S-corticotropin  and  also  the 
greater  potency  for  5i  found  here  as  compared  with  the  A. A. A.  depletion 
test  are  not  in  agreement  with  the  idea  of  inactivation.  One  may  envision 
that  the  ascorbic  acid  depletion  test  does  not  differentiate  between  closely 
related  molecules  (since  with  it,  all  the  corticotropins  had  equal  and  maxi¬ 
mal  potency)  whereas  the  assay  based  on  corticoidogenesis  shows  these 
subtle  differences.  Another  formulation  of  the  same  concept  would  be  to 
hypothesize  that  molecules  of  corticotropins  differing  only  in  minor  aspects 
of  their  structures  may  have  different  affinities  for  the  “ACTII  receptors” 
of  the  adrenocortical  tissue,  thus  accounting  for  variable  steroidogenic 
activation.  The  in  vitro  technique  with  its  long  period  of  contact  with  the 
adrenal  tissue  and  its  virtual  absence  of  extraneous  inactivation  of  ACTH 
would  be  an  ideal  situation  for  observing  such  an  eventuality.  This  has 
been  recently  discussed  in  relation  to  species  specificity  of  the  adrenocorti- 
cotropins  (17,  18).  The  hypothesis  that  the  a  (with  the  possible  exception 
of  a4),  7  and  6  materials  might  be  unfinished  products  in  the  biosynthesis  of 
the  final  hormone,  /3,  is  of  interest  but  impossible  to  study  at  the  time  for 
limitations  of  knowledge  on  this  particular  aspect  of  endocrinology. 

The  more  objective  aspect  of  this  data  has  been  to  confirm  that  /3-corti- 
cotropin  is  indeed  the  most  potent  corticotropic  material  of  the  series  a 
through  5.  The  choice  of  Shepherd  et  al.  (1)  and  Bell  et  al.  (2)  of  the  /3-frac- 
tion  on  the  basis  of  its  per  cent  weight  of  the  starting  material  is  thus  rein¬ 
forced  bj'  the  findings  on  its  specific  activity  in  the  steroidogenic  assaj’  as 
compared  to  that  of  the  other  peptides,  information  that  the  ascorbic  acid 
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depletion  test  had  not  evidenced.  The  lack  of  correlation  between  the  data 
of  the  steroidogenic  assay  and  those  of  the  ascorbic  depletion  test  with  all 
the  cautions  set  forth  above  for  their  acceptance  may  be  related  to  similar 
occurrences  observed  with  endogenous  (8,  9,  10)  or  exogenous  (7,  11) 
stimulation  of  the  adrenal  cortex. 
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ABSTRAC'T 

Female  rhesus  monkeys  were  treated  with  rescrpine  during  the  proliferative 
l)hase  of  the  menstrual  e3’ele,  in  varj’ing  dosages  and  patterns  of  administration. 

One  mg.  per  kg.  of  bodj*  weight  given  on  three  successive  daj’s,  tended  to  pro¬ 
long  the  menstrual  cv’cles,  especially  when  injections  were  begun  on  day  6  or 
before.  When  rescrpine  was  given  on  da\’S  2  to  7,  1  mg.  per  kg.  per  daj’  pro¬ 
longed  all  cj'cles.  Half  this  dose  prolonged  60%  of  the  cycles.  The  larger  dose 
given  from  daj's  7  to  12  i)rolonged  onlj’  25%  of  the  cj’cles.  The  larger  dose  pro¬ 
longed  all  cj-cles  when  the  drug  was  given  from  daj^s  2  to  12,  but  0.2  mg.  per  kg. 
jirolonged  oidj’  about  16%  of  the  cj’cles.  Some  monkeys  were  more  susceptible 
to  rescrpine  than  others.  As  judged  b}'  the  criteria  of  (a)  a  decrease  in  the 
amount  of  sedimentation  observed  in  vaginal  lavages,  (b)  a  reduction  in  the 
number  of  cornified  cells  and  (c)  an  increase  in  the  number  of  leucocj-tes  in 
vaginal  smears,  rescrpine  gives  evidence  of  causing  a  temporarj’  suppression  of 
circulating  estrogen. 

REPRODUCTIVE  function  in  some  species  of  animals  is  modified  bj’ 

^  the  administration  of  reserpine.  Gaunt  el  al.  (1)  found  in  rats  an 
alteration  in  the  estrous  cycle  and  a  reduction  in  fertility.  Barraclough  (2) 
inhil)ited  ovulation  in  the  same  species.  In  rhesus  monkeys,  reserpine  given 
daily  in  a  do.se  of  1  mg.  per  kg.  prevents  occurrence  of  menstruation  for  as 
long  as  100  days.  Upon  withdrawal  of  the  drug,  cycles  are  promptly  re¬ 
newed.  Judged  by  the  criterion  of  cellular  desquamation  in  the  vaginal 
lavage  as  well  as  by  laparotomy,  ovulation  is  suppressed  during  the  period 
that  reserpine  is  given  (8). 

Everett  and  Sawyer  (4)  found  that  the  rat  ovulates  at  a  given  hour  in  the 
night  and  that  this  may  be  blocked  by  anesthesia  administered  at  a  given 
hour  in  the  afternoon  of  the  same  day.  It  became  of  interest  to  determine 
whether  reserpine,  given  in  selected  doses  and  on  selected  days  of  the 
menstrual  cycle,  could  affect  the  duration  of  the  cycle.  This  was  the  pur- 
po.se  of  the  experiment  reported  in  the  present  paper. 
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METHODS  AND  MATERIALS 

Adult  rhesus  monkeys  were  obtained  from  a  commereial  source.  The  ages  of  the 
monkeys  could  not  be  specified  and  their  maturity  could  not  be  judged  because  their 
condition  upon  arrival  in  the  laboratory  was  usually  very  poor. 

In  the  absence  of  good  indices  of  maturitj'  in  the  rhesus  monkey,  estimates  of  the 
animals’  ages  were  derived  from  a  consideration  of  their  weight  and  menstrual  regu¬ 
larity.  After  adequate  nutrition  for  3  months,  the  weights  of  the  animals  were  within 
the  norm  of  mature  animals  (4500  gm.).  .\fter  one  to  three  more  months,  menstrual 
phenomena  occurred  with  increasing  regularitj’.  Relative  menstrual  regularity  is  itself 
an  index  of  reproductive  maturity  in  the  rhesus  monkey  (5),  and  as  may  be  noted  in 
Table  1,  by  this  criterion  most  of  the  animals  were  mature  and  fit  for  our  experimental 
purpose. 

Eleven  monkeys  became  acclimatized  to  the  conditions  of  the  laboratory  and  formed 
the  basis  for  this  study.  During  the  winter  season  of  1957-1958,  three  more  animals  with 
known  menstrual  records  were  added  to  the  colony.  By  this  time  sufficient  menstrual 


Table  1.  Summary  of  menstrual  histories 


No.  of 
winter 
seasons 
studied 

Summer  menstrual 
cycles  (days) 

Number  of  menstrual 
cycles  recorded 

Mean 

control 

St. 

1  )ev. 

.\nimal 

Summer 
and/or  ex¬ 
perimental 

Winter 

“control” 

“n” 

menstrual 

cycle 

length 

IV 

3 

regular 

8 

20* 

29.5 

2.01 

V 

2 

irregular 
range:  25-61 

9 

8 

30.5 

10.24 

VI 

3 

irregular 
range:  25-38 

11 

11 

28.3 

3.83 

VII 

2 

irregular 
range:  27-47 

6 

8 

26.8 

4.68 

IX 

2 

regular 

4 

12* 

28.1 

2.39 

X 

3 

irregular 
range:  10-51 

14 

13 

28.3 

2.83 

XI 

2 

irregular 
range:  32-85 

3 

4 

36.2 

11.85 

XII 

3 

irregular 
range:  12-37 

13 

13 

27.9 

3.63 

XIII 

3 

irregular 
range:  18-49 

11 

11 

28.8 

3.22 

XTV 

2 

regular 

9 

9* 

28.9 

1  .06 

XV 

1 

— 

1 

2 

33.0 

2.88 

XVI 

2 

regular 

1 

9* 

26.5 

2.13 

XVIII 

2 

regular 

1 

7* 

27.4 

2.65 

XTX 

3 

irregular 
range:  11-64 

14 

12 

26 . 1 

1  .73 

Total  number  of  control  winter  cycles  121. 

*  Indicates  summer  menstrual  cycles  are  included. 
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histories  were  available  on  the  1 1  original  animals  to  make  possible  an  estimate  of  mean 
eycle  length  in  eaeh  case.  Of  the  thirteen  animals  studied  during  the  1957-1958  winter 
season,  seven  have  remained  under  stud}"  to  date  (1958-1959).  Thus  a  menstrual  history 
is  available  in  these  seven  animals  through  three  consecutive  winter  seasons. 

It  is  known  that  there  is  a  seasonal  variation  in  menstrual  regularity  in  the  rhesus 
monkey  (5)  and  that  the  summer  cycles  may  be  anovulatory  (5).  Approximately  half 
of  the  animals  of  our  colony  demonstrated  summer  menstrual  irregularity  and  these 
cycles  are  not  included  in  estimating  the  control  menstrual  cycle  data.  Moreover,  reser- 
pine  was  given  only  in  the  winter  and  spring  of  the  3ear  in  order  to  be  certain  that  any 
drug-induced  variation  in  cycle  length  would  not  be  superimposed  upon  spontaneous 
summer  variability. 

During  1956-1957,  cyclic  activity  did  not  become  established  until  late  winter,  and 

Table  2.  Reserpi.ne  given  on  selected  days  of  menstrual  cycle 
(Italicized  =  eyelet  greater  than  two  standard  deviations  from  the  controls.) 


Spring,  1957  1  1957-1958 


Monkey 

1  me.  .'ke. 

1.0 

0.5 

1.0  ! 

0.2 

1.0 

3,  4,  5  4,  5.  6 

6.  7,8 

7.  8,9 

8,9,10  9.  10,  11  1 

2-7 

2-7 

7-12  1 

2-12 

2-12 

IV 

31 

48 

5. 

V 

33 

33 

45 

35 

30 

VI 

33 

.33 

60 

23 

VII 

47 

48 

34 

IX 

72 

39 

41 

1 

40 

X 

39 

28 

40 

36- 

49 

XI 

19 

32 

44 

XII 

28 

40 

26 

28 

XIII 

se 

39 

lie 

XIV 

1  31 

XV 

40 

1 

XVI 

XVIII 

38 

45 

48 

4o 

XIX 

34 

23 

28 

26 

43 

Per  cent  cycles  af- 

fected 

62.5 

66 

25 

100 

60 

25 

16.6 

83.3 

in  the  case  of  one  animal  (XI),  not  until  the  1957-1958  season  (Table  1).  Consequently, 
a  limited  number  of  cycles  were  available  for  study  at  that  time. 

During  drug  administration,  the  monkeys  were  observed  six  days  a  week.  Vaginal 
smears  from  the  posterior  fornix  were  done  by  a  carefully  controlled  technique  and  dif¬ 
ferentially  stained  by  the  Shorr  method  (see  6,  7).  Vaginal  lavage  sedimentation  tests 
(Hartman  Index,  5)  were  done  three  times  a  week.  Since  observations  in  the  absence  of 
drug  administration  were  made  three  days  a  week,  the  occurrence  of  well  established 
uterine  bleeding  was  assumed  to  be  on  the  second  day  of  the  menstrual  cycle;  bleeding 
probably  began  on  the  previous  day.  If  the  lavage  was  onh’  lightly  tinged  with  blood,  it 
was  assumed  that  the  day  of  observation  coincided  with  the  day  of  onset  of  menstrua¬ 
tion. 

A  dose  of  1  mg.  of  reserpine  per  kg.  of  body  weight  was  given  on  each  of  three  suc¬ 
cessive  days  of  the  menstrual  cj'cle  in  the  1957  season.  The  sequences  were  daj's:  3,  4,  5; 
4,  5,  6;  6,  7,  8;  7,  8,  9;  8,  9,  10;  9,  10,  11.  The  drug  was  given  in  a  total  of  nineteen 
cycles,  distributed  as  shown  in  Table  2.  The  following  winter,  reserpine  studies  were 
begun  again  after  the  irregularities  in  mensturation  of  the  summer  had  subsided.  During 
the  winter  of  1957-1958,  reserpine  was  given  during  a  total  of  twepty-six  cj'cles,  dis¬ 
tributed  as  shown  in  Table  2.  Daily  doses  of  0.5  and  1.0  mg.  per  kg.  of  bod}'  weight 
were  given  from  Days  2  to  7  of  the  cycle.  One  mg.  per  kg.  was  given  from  Days  7  to 
12.  Doses  of  0.2  and  1.0  mg.  per  kg.  were  given  from  Days  2  to  12. 

The  above  patterns  and  dosages  were  designed  to  impose  any  effect  the  drug  might 
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have  on  tlie  post-menstrual  part  (proliferative  phase)  of  the  eyele  (a)  over  a  very  short 
])erio(l  of  time;  (h)  over  the  first  half  of  the  pre-ovulatory  phase;  (e)  over  the  last  half 
of  the  pre-voulatory  phase;  and  (d)  over  approximateh’  the  first  half  of  the  eyele. 

RESULTS 

Rcserpinc  over  three-day  periods 

One  mg.  of  reserpine  per  kilogram  of  body  weight  given  for  tliree  suc- 
ces.sive  days  as  deseril)ed  under  Methods,  above,  beginning  from  the  third 
through  the  ninth  days  prolonged  some  cycles  in  seven  of  twelve  monkeys 
(see  Table  2).  The  criterion  of  an  effect  was  that  the  cycle  during  which  the 
drug  was  given  should  deviate  by  more  than  two  standard  deviations  from 
the  mean  control  cycle  length.  On  this  basis,  the  results  are  significant  at 
the  95%  confidence  limit. 

W  ith  treatment  on  Days  8,  4,  and  5,  five  of  eight  cycles  were  lengthened. 
W'hen  reserpine  was  given  on  Days  4,  5,  and  6,  two  cycles  were  not  signifi¬ 
cantly  different  from  the  controls,  but  when  administered  on  Days  6,  7,  and 
8,  two  of  three  cycles  and  on  Days  7,  8,  and  9,  one  of  four  cycles  were  in¬ 
creased  in  length.  One  cycle  during  which  treatment  was  on  Days  8,  9,  and 
10,  was  .significantly  longer  than  the  control  cycle  and  in  one  monkey 
treated  on  Days  9,  10,  and  11,  the  cycle  was  unaffected. 

Taken  as  a  whole,  this  pattern  of  injection  showed  no  clear  predilection 
for  any  three  day  period  of  administration  although  treatment  during  the 
earliest  part  of  the  cycle  tended  to  be  most  effective.  At  most,  when  re¬ 
serpine  was  given  during  several  cycles  as  just  descril)ed,  25  to  75%  of  the 
cycles  were  prolonged.  In  this  and  other  groups  of  experiments  to  be  de¬ 
scribed  below,  the  number  of  samples  in  each  class  of  ob.servations  is  not 
sufficient  to  permit  application  of  the  Chi  square  test.  The  results  must  be 
considered  collectively,  paying  attention  to  the  trends  exhibited  by  the 
.'Several  groups  of  data.  Cost,  time  and  facilities  barred  amplification  of  the 
program. 

Reserpine  for  six  days 

During  the  second  winter,  reserpine  was  given  for  longer  periods  of  time, 
namely,  in  five  doses  over  six  days  (Days  2  to  7;  Days  7  to  12)  and  in  ten 
doses  over  eleven  days  (Days  2  to  12).  No  injections  were  made  on  Sundays, 
hence  the  day  of  no  injection  in  any  series  varied  irregularly.  The  do.ses 
were  as  shown  in  Table  2. 

W  hen  1  mg.  per  kg.  of  reserpine  was  given,  both  the  number  and  per¬ 
centage  of  affected  cycles  were  greater  than  in  the  three-day  injection 
periods  described  above.  One-half  mg.  per  kg.  given  from  Days  2  to  7  sig¬ 
nificantly  lengthened  the  menstrual  cycle  in  three  of  five  cycles,  with  con¬ 
fidence  at  the  95%  level.  All  of  six  cycles  in  which  1.0  mg.  per  kg.  was  given 
were  significantly  lengthened.  However,  1.0  mg.  per  kg.  of  reserpine  given 
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daily  from  Days  7  to  12  affected  only  one  of  four  cycles.  Reserpine  injected 
for  the  earlier  6  day  period  is  more  effective,  therefore,  than  when  ad¬ 
ministered  from  Days  7  to  12. 

Reserpine  for  eleven  daijs 

The  larger  dose  of  1  mg.  per  kg.  of  reserpine  was  effective  in  prolonging 
five  out  of  six  cycles  when  given  from  Days  2  to  12,  whereas  0.2  mg.  per  kg. 
affected  only  one  of  six  cycles.  The  one  monkej’  (XI)  on  the  larger  dose  that 
failed  to  respond  had  highly  irregular  cycles  and  maj’  have  been  a  poor  sub¬ 
ject  to  begin  with  (see  Table  1).  In  any  case,  the  most  effective  ways  to 
alter  the  duration  of  the  menstrual  cj'cle,  of  all  the  patterns  and  dosages 
employed,  is  to  use  (a)  1.0  mg.  per  kg.  from  Days  2  to  7,  (b)  from  Days  2  to 
12  or  (c)  on  Days  3,  4  and  5. 

Dosage  of  reserpine 

When  the  frequency  of  affected  cycles  in  the  1957-1958  .series  is  con¬ 
sidered  from  the  standpoint  of  the  dosage  alone,  irrespective  of  the  days  on 
which  the  drug  is  given,  differences  are  seen  between  the  three  dose  levels. 
Two  tenths  mg.  per  kg.  daily  affected  one,  or  16.6%  of  .six  treated  cj  cles; 
0.5  mg.  per  kg.  affected  three,  or  50%  of  six  treated  cycles;  and  1.0  mg. 
affected  twelve,  or  75.0%  of  sixteen  treated  cycles.  The  dose  and  timing, 
therefore,  are  both  important  factors  which  affect  the  duration  of  the 
menstrual  cycle. 

The  question  may  be  asked,  if,  when  a  cycle  is  prolonged  by  reserpine, 
is  the  prolongation  of  the  cycle  proportional  to  the  dosage  given?  The  mean 
values  of  the  cycle  lengths  in  all  instances  where  they  were  prolonged 
differed  from  the  mean  lengths  of  the  control  cycles  as  follows;  11.6,  10.9, 
and  15.5  days  for  0.2,  0.5  and  1.0  mgms.  The  differences  from  the  means 
appear  not  to  be  related  to  the  amounts  of  the  drug  given. 

Individual  susceptibility 

Considering  all  dosages  and  patterns  of  injection  employed,  three 
monkeys  exhibited  affected  cycles  whenever  they  were  treated  during  three 
or  more  cycles  (monkeys  IX,  XIII,  XVIII).  Six  monkeys,  having  received 
reserpine  for  two  or  more  cycles,  had  34  to  66%  of  the  cycles  prolonged, 
one  had  80%  and  one  had  no  cycles  prolonged  (even  after  treatment  during 
5  cycles).  It  may  not  be  said  with  certainty  from  these  few  data  that  there 
is  a  varying  degree  of  individual  .susceptibility  to  re.serpine,  although  the 
fact  that  three  monkeys  were  highly  responsive,  and  four  were  substan¬ 
tially  le.ss  sen.sitive,  and  one  completely  not,  suggests  that  there  are  indi¬ 
vidual  variations  in  responsivene.ss.  If  this  is  so,  it  is  worth  noting  that  the 
large  do.se  given  was  always  effective  in  the  dose  patterns  during  1957- 
1958,  except  in  monkeys  V  and  XI. 
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Indices  of  ovarian  function  associated  with  reserpine  injections 

As  noted  under  Methods,  above,  the  Hartman  vaginalse  dimentation 
index  (5)  and  differential  staining  of  vaginal  smears  were  employed  con¬ 
tinuously  during  the  current  study  in  order  to  assess  ovarian  function  (see 
<»)• 

In  monkeys  which  exhibited  drug-associated  uterine  bleeding  and 
lengthened  menstrual  cycles,  atypical  changes  in  the  Hartman  sedimenta¬ 
tion  index  were  often  recorded.  Figure  1  illustrates  the  difference  in  such 
indices  between  experimental  and  control  menstrual  cycles  in  two  animals. 


Reserpine 
U  UUhU 


November  December 


Fig.  1.  Graph  of  heavy  vaginal  sloughing  during  and  following  a  large  dosage  of 
reserpine  (1  mg.  per  kg.  per  day)  in  one  ej'ele  (top)  and  light  vaginal  sloughing  associ¬ 
ated  with  a  small  dosage  of  reserpine  (0.2  mg.  per  kg.  per  day)  (bottom). 

Xote  “breakthrough”  uterine  bleeding  in  bottom  graph  toward  end  of  reserpine 
treatment. 

one  of  which  exhibited  reserpine-associated  uterine  bleeding  and  lengthen¬ 
ing  of  the  cycle  (XIX)  and  the  other  a  lengthened  menstrual  cycle  onh' 
(XI).  These  animals  received  reserpine,  1.0  mg.  per  kg.  body  weight,  on 
Days  2  through  12. 

Figure  2  illustrates  the  indices  of  ovarian  function  as  revealed  by  the 
vaginal  sedimentation  and  cytology  in  a  representative  monkey  (VI)  that 
are  associated  with  reserpine  injection,  1.0  mg.  per  kg.  body  weight  daily 
from  Days  7  to  12  of  the  menstrual  cycle.  The  percentage  of  cornified  cells 
in  the  vaginal  smear  as  well  as  assessment  of  leucocyte-density  based  upon 
arbitrary  grades  (see  6)  have  been  graphed,  along  with  the  Hartman  sedi¬ 
mentation  index. 

It  will  be  noted  that  a  period  of  heavy  vaginal  desquamation  occurred 
during,  or  just  after,  the  period  of  drug  administration.  Periods  of  heavy 
vaginal  desquamation  occurred  regularly  in  control  cycles  during  the  latter 


830 


ERIKSOX,  REYNOLDS  AND  DE  FEO 


Volume  66 


half  of  the  intermenstruum.  Data  which  support  tlie  view  that  reserpine- 
associated  periods  of  heavy  vaginal  exfoliation  are  related  to  estrogen- 
withdrawal  are  being  published  (L.B.E.).  Drug-associated  bleeding,  when 
it  occurs  in  the  proliferative  phase  of  the  cycle  is  spoken  of  as  “break¬ 
through”  or  interval-type  bleeding,  and  is  believed  to  be  the  result  of 
estrogen-withdrawal. 

The  phenomenon  of  reduced  sex  skin  swelling  in  animals  which  previ- 
ousl}'  displayed  it  prominently  was  often  noted  during  periods  of  heavy 
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Fig.  2.  Indices  of  ovarian  function  during  reserpine  treatment  (1  mg.  jier  kg.  of  bodj- 
weight)  and  in  a  control  menstrual  cycle.  The  day  of  detection  of  onset  of  uterine  bleed¬ 
ing  is  indicated  by  the  vertical  bars  extending  from  the  bottom  to  the  second  lines.  The 
duration  of  uterine  bleeding  is  shown  by  the  broken  line  in  the  top  graph. 

Top,  percentage  of  sedimentation  in  the  vaginal  lavage. 

Middle,  degree  of  vaginal  cornification.  Stippled  areas,  nucleated  cornified  cells. 
Mottled  columns,  clumping  of  epithelial  cells.  Striped  columns,  non-nucleated  cornified 
cells. 

Bottom,  leucocyte  count  (black)  in  a  paracervical  vaginal  smear,  based  on  an  arbi¬ 
trary  scale. 

Note  “breakthrough”  bleeding  several  flays  after  reserpine.  Suppression  of  estrogen 
after  the  re.serpine  administration  is  suggested  by  this  bleeding  as  well  as  by  the  presence 
of  clumping  and  of  nucleated,  partially  cornified  cells,  more  than  in  the  control  cycle. 

drug  treatment.  It  may  be  mentioned  that  all  six  of  the  animals  given  the 
dosage  regime  indicated  in  Figure  1  showed  evidence  of  an  effect  of  re¬ 
serpine  both  by  lengthened  menstrual  cycles  and  drug  associated  “break¬ 
through”  uterine  bleeding. 

Differences  between  the  Hartman  indices  of  experimental  and  control 
cycles  in  lightly  reserpinized  animals  (dosage  of  0.2  mg.  per  kg.  body 
weight)  from  Days  2  through  12  of  the  menstrual  cycle  were  not  marked, 
and  have  not  been  illustrated.  It  may  be  mentioned  in  this  respect  that  of 
the  six  monkeys  in  this  experimental  group,  four  showed  no  evidence  of 
either  drug-associated  uterine  bleeding  or  delay  of  menstruation. 
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DISCUSSION 

The  injection  of  reserpine  in  the  several  doses  and  patterns  of  administra¬ 
tion  used  reveals  several  items  of  physiological  import  with  respect  to 
understanding  the  menstrual  cycle  in  the  monkey. 

First,  more  than  half  of  the  cycles  in  treated  monkeys  were  significantly 
prolonged  when  the  1  mg.  per  kg.  of  reserpine  was  given  over  three-day 
periods  beginning  on  Days  3  to  9.  Second,  a  lower  dose  (0.5  mg.  per  kg.  of 
body  weight)  was  more  effective  in  this  regard  when  given  from  Days  2  to 
7  than  the  larger  dose  (1  mg.  per  kg.  of  body  weight)  given  from  Days  7  to 
12.  Finally,  larger  doses  were  far  more  effective  in  prolonging  cycles  than 
the  smaller  dose  when  the  injection  spanned  days  two  to  twelve. 

It  is  clear  that  we  did  succeed  in  finding  a  very  short,  or  critical  time 
within  the  first  part  of  the  cycle  when  reserpine  could  so  modify  endocrine 
activity  that  the  cycles  would  be  prolonged.  The  dose  had  to  be  sufficiently 
large  and  span  Days  2  through  7.  This  procedure  may  delay  ovulation, 
although  evidence  of  this  has  not  been  established  in  this  work. 

The  matter  of  the  extent  of  deviation  of  prolonged  cycles  from  the  means 
of  the  control  cycles  has  been  noted  and  found  not  to  be  related  to  the  dose 
of  reserpine.  In  only  three  monkeys  were  all  cycles  affected.  It  may  be 
noted,  with  respect  to  monkey  XIII  that  in  the  first  cycle  in  which  0.2  mg. 
per  kg.  was  given  daily  from  Days  2  to  12,  a  delay  in  menstruation  of 
116  days  was  observed.  This  monkey  seems,  accordingly,  to  have  been 
one  which  was  distinctly  susceptible  to  the  action  of  reserpine,  in  contra¬ 
distinction  to  the  other  monkeys  of  the  series.  Placebo  injections  of  the 
reserpine  vehicle  alone  given  from  Days  2  to  12  had  no  effect  in  this 
monkey  in  one  cycle  and  in  monkey  X  in  two  cycles  (cycles  31  and  21  days 
in  length,  respectively). 
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FURTHER  OBSERVATIONS  ON  THE  RELATIONSHIP 
BETWEEN  SEROTONIN  AND  THE  ADRENAL* 
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ll'orcps^fr  Foundation  for  Experimental  Biology,  Shrewsbury,  Massachusetts 
ABSTRACT 

Additional  evidence  for  the  profound  influence  of  5-hydroxytryptaniine 
(serotonin)  instituting  a  release  of  reducing  material  from  the  quartered  rabbit 
adrenal  has  been  accumulated.  .\  high  degree  of  specificity  of  chemical  struc¬ 
ture  has  been  demonstrated  by  failure  of  the  closely  related  4-  and  fi-hydroxy 
isomers  to  mimic  the  effect  of  serotonin.  In  addition,  removal  or  replacement 
of  the  5-hj'droxyl  grouj)  with  a  fluorine  atom  destroyed  activity.  Marked  de¬ 
creases  in  activity  were  also  obtained  upon  methylation  of  the  amine  group  or 
substitution  on  the  a-carbon.  Concomitant  introduction  of  amphenone  and 
serotonin  resulted  in  complete  inhibition  of  the  serotonin  influence.  On  the 
other  hand  the  activity  of  serotonin  was  protected  by  the  monoamine  oxidase 
inhibitor  iproniazid.  Evidence  derived  from  the  use  of  C'^-labeled  serotonin, 
ultraviolet  analysis  and  chromatograph}'  performed  for  detecting  indole  amines 
led  to  the  conclusion  that  a  metabolite  of  serotonin  could  not  be  responsible 
for  the  increased  ability  to  reduce  the  blue  tetrazolium  reagent. 

IT  HAS  been  clearly  demonstrated  that  serotonin  has  a  direct  influence 
on  the  quartered  adrenals  of  several  species  tested  (1).  The  level  of  re¬ 
ducing  substances  being  elaborated  by  the  gland  markedly  increased  as 
visualized  by  the  blue  tetrazolium  reaction.  Although  chemical  character¬ 
ization  of  the  reducing  material  relea.sed  by  the  serotonin  stimulated  ad¬ 
renal  has  as  yet  proven  elusive,  additional  information  on  the  specificity  of 
this  adrenal  response  to  serotonin  has  been  obtained.  In  the  previous  paper 
(1)  it  was  demon.strated  that  the  rabbit  adrenal  was  particularly  responsive 
to  5-hydroxytrypt amine  (.serotonin)  and  therefore  adrenals  from  this 
.species  were  exclusiv'ely  u.sed  in  the  pre.sent  stud}'. 

Experiments  were  designed  to  reveal  structural  specificitj'  of  the  sero¬ 
tonin  molecule  and  to  permit  observation  of  serotonin  activity  in  the  pre.s- 
ence  of  certain  enzyme  inhibitors.  Furthermore  studies  were  devi.sed  to 
show  as  conclusively  as  possible  that  the  reducing  material  elaborated  from 
the  adrenal  was  not  a  metabolite  of  the  exogenous  serotonin  but  an  endog¬ 
enous  product  of  the  gland. 

It  was  found  that  the  chemical  structure  of  o-lndroxytryptamine  was 
extraordinarily  preci.se  for  the  requirement  of  gland  stimulation.  Displace¬ 
ment  or  substitution  of  the  5-hydroxyl  group  aboli.shed  practically  all  bio- 
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logical  activ  ity.  Serious  depression  of  the  ability  to  form  blue  diformazan 
also  resulted  upon  methylation  of  the  amine  group  or  alkylation  on  the 
a-carbon  atom. 

It  was  also  observ  ed  that  the  monoamine  oxidase  inhibitor,  iproniazid  (2) 
augmented  the  effect  of  serotonin  by  virtue  of  preventing  its  destruction 
through  monoamine  oxidase  action.  On  the  contrary  amphenone,  an  inhib¬ 
itor  of  the  hj'droxylation  reactions  in  the  adrenal  (8),  was  shown  to  elimi¬ 
nate  the  synthesis  of  reducing  substances  from  the  serotonin  stimulated 
gland.  Finally  the  results  of  a  number  of  experiments  conclusively  dis¬ 
proved  that  a  metabolite  of  the  exogenous  serotonin  was  responsible  for  the 
total  reducing  content  of  the  medium  bathing  the  adrenals. 

METHODS  AND  EXPERIMENTAL 

The  prooedurcs  utilized  in  this  work  were  those  reported  in  a  previous  paper  (1).  The 
compounds  tested  for  their  capabilitv’  to  release  blue  tetrazolium  reactive  compounds 
from  the  adrenal  were  studied  on  an  equimolar  basis  with  serotonin  in  Krebs- Ringer 
])hosphate  buffer.  For  these  comparative  studies  4  compounds  anrl  serotonin  were  tested 
simultaneously  on  the  adrenals  from  25  rabbits.  The  glands  were  quartered  and  divided 
among  five  flasks  in  such  a  manner  to  reduce  biological  variation.  Each  flask  contained 
3  ml.  of  phosphate  buffer  per  pair  of  adrenals  and  the  test  substance  was  added  in  a 
0.1  ml.  volume.  The  first  hour  of  incubation  was  used  to  obtain  control  levels  and  the 
test  compounds  were  compared  to  serotonin  over  the  next  I5  hours. 

In  the  experiments  with  amphenone  hydrochloride  (1,2-bis  (p-aminophenyl)-2- 
methylpropanone-1  dih3’drochloride]  the  tissue  was  also  divided  and  incubated  as 
above  so  as  to  maintain  a  representation  of  each  animal  in  each  flask.  This  permitted 
more  accurate  determination  of  the  influence  of  graded  doses  of  amphenone  and  the 
ability  of  serotonin  to  overcome  the  inhibition  induced  bj'  amphenone.  The  contents  of 
each  flask  were  analyzed  for  reducing  material  after  a  1  hr.  control  incubation  period, 
after  a  hr.  exposure  to  serotonin  plus  amphenone  in  fresh  medium  and  after  hrs.  in 
fresh  medium  with  additional  serotonin. 

Both  amphenone  and  iproniazid  (marsilid,  l-isonicotinyl-2-isopropyl  hj’drazine) 
were  tested  for  reactivitj’  with  the  blue  tetrazolium  reagent  and  recover^’  studies  were 
conducted  to  correct  for  an}-  interference  by  these  substrates.  A  similar  study  was  per¬ 
formed  on  4-  and  6-hydroxytryptamine. 

In  all  experiments  the  incubation  medium  was  extracted  3  times  with  30  ml.  meth¬ 
ylene  chloride,  the  solvent  removed  under  vacuum  and  the  residue  dissolved  in  ethanol. 
Suitable  aliquots  were  employed  in  the  determination  of  the  quantity  of  blue  diforma¬ 
zan  produced.  The  blue  tetrazolium  procedure  has  been  shown  to  have  a  sensitivity  of 
one  Afg.  and  a  reproducibility  for  tissue  of  2  to  3  /ng. 

In  several  instances  serotonin  metabolites  were  searched  for  by  chromatographing 
the  residues  from  the  methylene  chloride  extracts  in  the  two-dimensional  system  of 
Jepson  (4).*  To  some  of  the  residues  a  known  quantity  (usually  100  /xg.)  of  cortisone 
and  hydrocortisone  were  added  in  order  to  determine  the  specificity  of  the  Jepson  sys¬ 
tem  and  the  Ehrlich  reagent  for  indole  amines. 

C*‘-serotonin  labelled  in  the  j8-carbon  was  also  used  to  gather  additional  information 
as  to  the  nature  of  the  material  capable  of  reducing  blue  tetrazolium  found  in  the  incu- 

*  We  wish  to  express  our  thanks  to  Dr.  A.  Feldstein  for  putting  his  chromatographic 
equipment  and  methods  at  our  disposal  and  for  samples  of  iproniazid,  isocarboxazid 
(marplan)  and  isonicotinyl  hydrazine. 
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bation  medium.  A  Tracerlab  automatic  flow  counter  was  employed  to  measure  the  total 
counts  recovered  in  the  methylene  chloride  extracts  as  well  as  the  counts  in  the  eluates 
obtained  after  silica  gel  chromatography  (1). 

Finally  efforts  were  made  to  exhaust  the  adrenal  glands  of  their  normal  complement 
of  reducing  material  by  incubating  the  tissue  for  3  hrs.  without  serotonin.  The  medium 
was  changed  at  1  hr.  intervals  and  the  serotonin  was  added  for  a  4th  hr.  incubation. 
The  residues  of  the  methylene  ehloride  extracts  were  examined  in  ethanol  in  a  Cary 
Model  1 1  ultraviolet  spectrophotometer. 

RESULTS 

The  high  degree  of  specific  structural  requirements  to  evoke  an  in  vitro 
release  of  reducing  material  from  the  rabbit  adrenal  can  be  seen  in  the  data 
of  Table  1.  Substitution  of  the  5-hydroxyl  group  (compound  3)  or  its  dis¬ 
placement  to  an  adjacent  position  (compounds  4  and  5)  practically  elimi¬ 
nated  all  activity  of  the  molecule.  -Methylation  of  the  amine  group  (com¬ 
pound  2)  diminished  activity  by  approximately  50%.  A  more  accurate  esti¬ 
mation  of  the  influence  of  bufotenine  was  difficult  because  of  its  limited 
solubility.  However  serotonin  was  prepared  in  a  similar  suspension  to  that 
used  for  bufotenine  and  here  again  the  dimethylated  analogue  was  about 
half  as  active  as  serotonin. 

The  necessity  of  an  accessible  amine  group  is  probably  also  revealed  by 
the  finding  on  a-methylserotonin  (compound  6).  Addition  of  a  methyl 
group  to  the  carbon  adjacent  to  the  amine  unit  severely  diminished  the 
activity  of  the  serotonin  molecule. 

The  apparent  slight  activities  of  compounds  7  and  8  probably  arose  from 


Table  1.  The  specikh  ity  of  the  serotoxix  reac’TIo.n  ox  rabbit  adrenal 


Compound  * 

Blue  diformazan 
formed  above 
control  levelt 

Relative  activity 

1.  5-Hydroxvtrvptamine 

Mg./ 10  adrenals 
286 

100 

2.  Bufotenine  (N.N-dimethvlserotonin)* 

1431 

50 

3.  S-Fluorotrvptamine** 

6 

2 

4.  6-Hydroxytryptamine' 

9 

3 

5.  4-Hvdroxvtrvptamine' 

6 

2 

0.  a-Xfethvlserotonin* 

3 

1 

7.  a-Methvl-5-hvdroxvtrvptophane* 

14t 

5 

8.  5-Hvdroxvindoieacetic  acid 

lit 

3 

4 

9.  N,N-dimethvltrvptamine* 

1 

1 0.  :i-(:i-Klimethviamino-2-meth vl)-propvlindole® 

6t 

2 

11.  'v-Dimethvitryptamine* 

3t 

I 

12.  l,a-Dimethvltryptamine'* 

9 

3 

13.  Trvptamine  acetate* 

27 

9 

14.  a-Ethvltryptamine  acetate* 

+ 

+ 

15.  a-Methyltryptamine  acetate* 

+ 

+ 

*  VVe  wish  to  thank  the  following  for  samples  of  the  compounds  tested;  •  Dr.  U.  V. 
Heinzelman  of  the  Upjohn  Co.  for  compounds  2,  6,  7,  9-15;  Dr.  Ernst  D.  Bergmann  for 
compound  3;  and  ®  Dr.  .\lbert  Hofmann  of  Sandoz  Co.  for  compounds  4  and  5.  Eipiimolar 
concentrations  of  the  compounds  were  tested. 

t  Control  levels  range  between  12  to  20  Mg-  per  10  adrenals. 

t  These  values  may  actually  be  higher  since  it  was  necessary  to  add  these  compounds  in 
suspension. 

+  Inhibition  occurred. 
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Table  2.  Recovery  studies  and  reactivity  of  serotonin  isomers 

WITH  BLUE  TETRAZOLIUM 


Compound* 

Quantity  added 

Quantity 

recovered 

Optical  density  of  the 
blue  diformazan  formed 
by  10  Atg.  of  compound 

Mg. 

Mg. 

4-Hvdroxvtrvi)tamine 

1440 

200 

0.74 

5-Hvdroxvtrvptamine 

1300 

10 

0.64 

(5-Hydroxytrypt  amine 

030 

7 

0.05 

*  These  solutions  were  assayed  immediately  after  preparation. 


.small  quantities  of  these  substances  being  extracted  into  the  methylene 
chloride  phase.  The  hydroxy  indole  structure  is  known  to  react  with  blue 
tetrazolium  (1,  5).  The  small  degree  of  activity  discerned  for  compound  18 
was  unexpected  since  no  blue  tetrazolium  reactive  group  is  present.  Since 
compound  13  led  to  a  yellow  colored  methylene  chloride  extract,  it  was 
reasonable  to  assume  the  presence  of  a  methylene  chloride-soluble  impurity 
that  may  have  reacted  with  the  blue  tetrazolium  reagent. 

F'urther  examination  of  the  hydroxytryptamine  isomers  was  carried  out 
in  order  to  establish  the  extent  of  interference  by  these  compounds  because 
of  their  ability  to  produce  formazans.  Their  extractilnlity  into  methylene 
chloride  and  their  reactivity  with  the  blue  tetrazolium  reagent  are  listed  in 
Table  2.  Only  4-hydroxytryptamine  has  a  significant  solubility  in  methyl¬ 
ene  chloride  and  a  correction  of  14%  has  been  applied  in  studies  using 
this  isomer.® 

It  is  of  interest  to  mention  here  that  equivalent  quantities  of  the  hydrox¬ 
ytryptamine  isomers  in  freshly  prepared  solutions  gave  different  optical 
densities  with  the  blue  tetrazolium  reagent  (Table  2,  last  column)  which 
may  be  useful  in  characterizing  them.  The  protection  of  solid  samples  of 
the  5-  and  6-isomers  afforded  through  the  creatinine  sulfate  complex  and 
the  4-isomer  through  oxalate  formation  was  lost  in  80-90%  alcoholic  solu¬ 
tion.  Deterioration  (as  measured  by  diformazan  formation)  of  hydroxytrypt¬ 
amine  solutions  commenced  in  the  first  day  and  continued  for  several 
days.  Fifty  per  cent  reactivity  with  the  blue  tetrazolium  reagent  was  lost  in 
10  days  in  the  case  of  serotonin. 

The  recovery  experiments  with  serotonin  provided  the  first  suggestions 
that  a  methylene  chloride-soluble  metabolite  of  5-hydroxytryptamine  was 
not  responsible  for  the  increased  formation  of  blue  diformazan  (1).  Experi¬ 
ments  were  devised  to  obtain  unequivocal  proof  for  this  supposition.  One 
such  study  employing  C'Mabelled  serotonin  led  to  the  results  given  in 
Table  3.  Less  than  5%  of  the  added  radioactivity  was  recovered  in  the 
organic  solvent.  Moreover,  on  the  average  le.ss  than  1%  of  the  added  counts 
appeared  in  the  peak  eluate  after  silica  gel  chromatography. 

®  4-Hy(lro.\ytryptamine  (‘au.sed  a  rich  blue  staining  of  the  adrenal  tissue.  The  dye 
could  not  be  extracted  with  most  of  the  usual  organic  solvents. 
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It  one  calculates  the  actual  contribution  of  the  blue  diformazan  produced 
by  the  serotonin  recovered  in  the  methylene  chloride  extract  after  incuba¬ 
tion  with  tissue,  one  finds  that  80%  of  the  reducing  material  must  have 
been  of  tissue  origin.  For  example  it  can  be  seen  from  the  data  in  Table  3 
that  on  the  average  2.8%  of  the  added  serotonin  (total  counts  recovered 
divided  by  total  counts  added)  would  augment  the  blue  diformazan  levels. 
Where  0.87  mg.  of  serotonin  was  used  in  experiment  one,  110  Mg-  of  sero¬ 
tonin  (0.87  mg.  multiplied  by  1.0%  recovery  value)  would  appear  in  the 
final  measurement  of  reducing  material  in  the  extract.  A  similar  calculation 
for  the  other  3  experiments  reveals  that  the  recoverable  serotonin  can  only 
account  for  approximately  20%  of  the  total  blue  diformazan  formed. 

A  second  study  to  clarify  the  issue  concerning  a  metabolite  of  5-hydroxy_ 

Table  3.  Recovery  of  metabolites  of  radioactive  serotonin 


Weight 
added  * 

Total 

counts 

added 

Total 

counts 

recovered 

Blue  diformazan 

Recovery  **"'^"*« 
iveiovtry  serotonin 

recovered 

Corrected  bluef 
diformazan  formed 
after  incubation 

mg. 

G 

% 

Mg. 

Mg. 

G  .87 

G42,000 

10,000 

l.G 

110 

579 

9.1G 

85G,000 

38,000 

4.4 

394 

2014 

10.99 

1,027,000 

2G,000 

2.5 

274 

825 

13.73 

1,284,000 

33,000 

2.G 

357 

1100 

*  Weight  refers  to  5-hydroxytryptamine  creatinine  sulfate. 

t  The  number  of  rabbit  adrenals  emploj'ed  were  40  for  experiment  1,  GO  for  2,  50  for  3  and 
GO  for  4. 

trypt amine  was  explored  through  the  introduction  of  iproniazid.  It  was 
reasoned  that  inhibition  of  the  adrenal  monoamine  oxidase  would  prevent 
formation  of  serotonin  derivatives.  Preservation  of  the  serotonin  moiety 
might  also  be  reflected  in  a  prolonged  or  increased  stimulation  of  the  ad¬ 
renal.  The  results  of  this  study  are  enumerated  in  Table  4.  Unfortunately  it 
was  discovered  that  iproniazid  itself  was  partially  soluble  in  methylene 
chloride  and  was  very  reactive  with  the  blue  tetrazolium  reagent.  In  order 
to  apply  sensible  corrections  for  the  interference  of  iproniazid  in  formazan 
production,  recovery  experiments  of  iproniazid  phosphate  were  carried  out 
side  by  side  with  monoamine  oxidase  inhibition.'* 

The  first  and  last  figures  in  column  3  of  Table  4  demonstrate  that  the 
recovery  of  iproniazid  phosphate  amounted  to  14.2%  irrespective  of  the 
presence  or  absence  of  tissue.  Therefore  the  284  Mg-  due  to  iproniazid  phos- 

*  Because  of  the  importance  of  the  blue  tetrazolium  reaction  in  steroid  analysis,  the 
curiosity  stimulated  by  the  reactivity  of  iproniazid  prompted  a  short  excursion  in 
search  of  the  structural  entity  responsible  for  the  positive  reaction.  It  was  found  that 
the  hydrazine  unit  alone  would  give  rise  to  a  formazan.  The  optical  densities  obtained 
with  10  Mg-  of  compound  were  as  follows:  iproniazid,  0.55;  isonicotinylhydrazine,  0.60; 
isocarboxazid  (marplan)  [l-benzyl-2-(5-methyl-3-isoxazolylcarbonyl)  hj-drazine],  0.65; 
semicarbazide,  0.61 ;  phenylhydrazine,  2.05;  nicotinamide  and  nicotinic  acid,  no  reaction. 
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phate  were  subtracted  from  the  total  of  the  diformazan  formed  of  column 
3  yielding  the  corrected  levels  of  blue  diformazan  in  column  4.  It  can  now 
be  seen  in  the  last  column  that  iproniazid  phosphate  protected  serotonin. 
At  each  of  the  concentrations  of  serotonin  a  greater  effect  was  observetl  in 
the  presence  of  iproniazid  phosphate.  As  pointed  out  under  methods  the 
blue  tetrazolium  procedure  was  reliable  to  a  change  of  2  jug-  Lines  1  and  2  of 
the  table  reveal  that  iproniazid  phosphate  itself  has  no  influence  on  the  re¬ 
lease  of  reducing  material  from  the  adrenal. 

Another  piece  of  evidence  eliminating  a  serotonin  metabolite  as  the 
cause  of  the  increased  titers  of  material  capable  of  producing  blue  difor¬ 
mazan  was  gained  from  chromatography  studies.  The  residues  from  sufh- 
cient  aliquots  of  the  methylene  chloride  extract  were  chromatographed  in 


Table  4.  The  inkli  exce  of  ipkoxiazii)  phosphate  on  formation 

OF  MATERIAL  YIELDING  BH'E  DIFORMAZAN 


Marsilid 

added 

Correction  for 
iproniazid 
interference 

Total  blue 
diformazan 
formed 

Corrected 
levels  of  blue 
diformazan 

.\dded 

serotonin 

Increase 
due  to 
serotonin 

mg. 

% 

Mg./lO 

Mg./lO 

Mg./lO 

Mg./lO 

adrenals 

adrenals 

adrenals 

adrenals 

2.0 

14.2 

300* 

0 

0 

16 

16 

0 

0 

23 

23 

20 

7 

2.0 

315 

31 

20 

15 

0 

36 

36 

200 

20 

2.0 

420 

136 

200 

120 

0 

43 

43 

1000 

27 

2.0 

630 

346 

1000 

330 

2.0t 

14.2 

285 1 

0 

*  Control 

levels  of  material 

that  reduce 

blue  tetrazolium 

were  bi'tvveen 

15-18  Mg  /10 

adrenals. 

t  Used  to  ealeulate  reeovery  of  iproniazid  phosphate  and  derive  jier  cent  eorreetion  (eol- 
umn  2). 

t  No  tissue  present. 


the  indole  amine  system  of  Jepson  (4).  In  no  instance  was  a  positive  reac¬ 
tion  elicited  for  indole  amines  by  the  Ehrlich  reagent.  In  a  separate  experi¬ 
ment  100  mK-  amounts  of  cortisone  and  hydrocortisone  were  deliberately 
added  to  the  residues  from  the  methylene  chloride  extracts  and  also  chro¬ 
matographed  in  the  indole  amine  system.  No  blue  tetrazolium  reactivezones 
could  be  detected  on  the  paper  suggesting  that  the  steroids  had  run  off  or 
decomposed. 

In  an  attempt  to  study  the  interval  of  responsiveness  of  the  adrenal  to 
serotonin  a  sequence  of  control  incubations  were  performed  and  culminated 
with  a  delayed  exposure  to  5-hydroxytryptamine.  The  results  in  Table  o 
are  an  outline  of  4  such  experiments.  In  every  case  the  adrenal  gland  re¬ 
sponded  to  serotonin  after  3  hrs.  of  incubation  without  serotonin.  This  af¬ 
forded  a  procedure  for  removal  of  the  majority  of  the  endogenous  blue 
tetrazolium  reactive  material  being  secreted  by  the  glands.  At  the  same 
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Table  5.  Serotonin  effect  on  rabbit  adrenal  after  exiiai  stion  of 

REDUCINO  MATERIAL  IN  THE  C.LAND 


Xo.  of  glands 

Incubation  period 

Addition  of  serotonin 

Total  blue  diformazan 
formed 

hr. 

mg./pr.  adrenals 

Mg. 

f.2 

1st 

0 

216 

C2 

2nd 

0 

70 

62 

3rd 

0 

41 

62 

4th 

0.5 

2815 

5t) 

1st 

t) 

223 

56 

2nd 

0 

62 

56 

3rd 

0 

5(» 

56 

4th 

0.5 

2013 

54* 

1st 

0 

200 

54* 

2nd 

0 

100 

54* 

3rd 

0 

50 

54* 

4th 

0.5 

730 

52* 

1st 

0 

131 

52* 

2nd 

0 

80 

52* 

3rd 

0 

58 

52* 

4th 

0.5 

550 

*  These  animals  had  been  previouslj’  treated  with  a  variety  of  steroids  in  another  laliora- 
tory.  The  blue  diformazan  levels  have  not  been  corrected  for  serotonin  interference. 


time  dependable  measurements  on  the  residues  could  be  carried  out  in  the 
ultraviolet  region. 

o-Uj'droxytryptamine  creatinine  sulfate,  used  as  a  reference  substance, 
was  found  to  have  2  absorption  bands  in  90%  etlianol.  A  band  near  275 
ni/x  with  an  e  =  5,480  (for  the  complex)  was  the  expected  ab.sorption  of  the 
indole  amine.  The  second  band  near  225  niju  had  an  e  =  25,400  and  origi¬ 
nated  from  the  creatinine  moiety.  Creatinine  itself  gave  this  band  near  235 
niju  with  an  e  =  8,430,  while  creatinine  sulfate  and  creatinine  hydrochloride 
demonstrated  that  a  change  of  pH  toward  the  acid  side  resulted  in  the 
shift  of  the  235  mu  band  to  shorter  wavelengths  (e.g.  225  m/x).  Calculations 
of  the  e  for  the  225  mju  band  in  the  spectrum  of  5-hydroxytryptamine 
creatinine  sulfate  just  on  the  basis  of  the  molecular  weight  of  creatinine 
yields  a  value  near  8400. 

Examination  of  the  residues  from  incubations  without  serotonin  yielded 
the  expected  ab.sorption  near  240  mu.  for  steroids  containing  a  conjugated 
3-ketone.  The  ultraviolet  spectrum  obtained  on  the  residue  from  a  sero¬ 
tonin  incubation  yielded  bands  near  275  and  225  m/x.  Not  all  of  the  275  m/x 
absorption  could  be  associated  with  that  at  225.  Employing  these  bands 
for  calculation  of  the  quantity  of  serotonin  recovered  from  the  incu¬ 
bation,  values  of  2%  were  obtained.  When  similar  calculations  to  those  on 
p.  836  are  carried  out,  it  is  again  found  that  2%  of  the  added  serotonin  only 
augments  the  blue  diformazan  titer  obtained  after  incubation  with  tissue 
by  20%.  The  remaining  80%  must  be  of  adrenal  origin.  It  was  of  interest  to 
note  that  the  serotonin  was  recovered  as  the  creatinine  complex  since  the 
short  wavelength  absorption  occurred  and  was  near  225  m/x. 
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In  another  direction  of  research  tlie  inhibitor  of  hydroxylation  reactions, 
amphenone,  was  examined  for  its  effect  on  serotonin  activity.  The  results  of 
this  exploration  are  given  in  Table  0.  It  can  be  seen  from  this  data  that  50 
gg.  of  amphenone  were  sufficient  to  bring  forth  a  50%  inhibition  of  the 
serotonin  stimulation.  Little  reversibility  of  the  inhibition  induced  by 
amphenone  could  be  achieved  by  a  second  incubation  with  additional  5- 
hydroxytryptamine  unless  the  ratio  of  serotonin  to  amphenone  exceeded 

lb. 

In  another  experiment  it  was  confirmed  that  no  release  of  reducing  sub¬ 
stances  was  brought  forth  by  serotonin  from  liver  or  kidney.  This  has  now 
also  been  found  for  heart  and  skeletal  muscle  examined  under  identical 
conditions  to  those  employed  for  the  adrenal  glands. 

DISCUSSION 

The  high  degree  of  structural  specificity  observed  for  the  interaction  of 
5-hydroxytryptamine  with  the  rabbit  adrenal  encouraged  the  conclusion  of 
a  fundamental  role  for  serotonin  in  this  gland.  That  amphenone  interrupted 
the  mechanism  through  which  serotonin  operated  suggested  that  the  in¬ 
fluence  of  5-hydroxytryptamine  was  close  to  or  dependent  upon  biogenetic 
steps  involving  hydroxylation.  A  similar  thesis  was  established  by  Rosen- 
feld  and  Bascomb  (8)  for. the  interrelationship  of  amphenone  and  adreno¬ 
corticotropic  hormone  in  the  perfused  adrenal. 

From  the  results  of  this  present  study  it  appeared  certain  that  the  reduc¬ 
ing  material  elaborated  by  the  adrenal  upon  stimulation  by  serotonin  could 


Table  6.  The  inhibition  ok  serotonin  stimulation  of  the  adrenal  with  amphenone 


1st  incubation 

2nd  incubation 

Content  amiihenone 

Serotonin 

content 

Blue*  di¬ 
formazan 
formed 

Inhibi¬ 

tion 

Serotonin 

added 

Blue  di¬ 
formazan 
formed 

Response 

recovery 

Mg./lO 

i 

Mg./ 10 

Mg- 

mg. 

adrenals 

% 

mg. 

adrenals 

% 

0 

0.5 

200 

0.5 

68 

10 

0.0 

120 

40 

0.5 

67 

100 

10 

0.5 

130 

34 

0.5 

69 

100 

800  T1  mg.  ACTH 

0.5 

50 

75 

0 

1  0.5 

220 

0.5 

74 

0.1 

0.5 

210 

6 

0.5 

74 

100 

1.0 

!  0.5 

190 

12 

0.5 

73 

100 

10.0 

1  0.5 

160 

25 

0.5 

75 

100 

50 

0.5 

110 

50 

0.5 

25 

34 

132 

0.5 

31 

86 

0 

’  0.5 

288 

1.0 

93 

500 

0.5 

13 

91 

1.0 

13 

14 

1000 

0.5 

10 

92 

1 .0 

16 

17 

2000 

0.5 

12 

93 

2.0 

15 

16 

3000 

0.5 

11 

93 

3.0 

13 

14 

*  Control  levels  were  12  ng  /lO  adrenals  and  the  blue  diformazan  values  have  been  cor¬ 
rected  for  serotonin  recovery. 
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not  be  a  metabolite  of  5-hydroxytrypt amine.  Moreover  hydroxylation  of 
the  indole  nucleus  would  have  depreciated  the  molecule’s  solubility  in 
methylene  chloride.  Furthermore  chromatographic  fractionation  failed  to 
uncov'er  substances  with  an  intact  indole  nucleus.  Introduction  of  an  active 
reducing  group  on  the  side  chain  could  be  eliminated  since  the  extent  of 
recov'ery  of  C‘^-labeled  serotonin  could  not  account  for  more  than  20%  of 
the  total  blue  diformazan  formed.  These  overall  findings  were  clearly  sub¬ 
stantiated  by  the  ultraviolet  analyses.  Calculations  based  on  the  creatinine 
and  indole  absorption  bands  established  that  only  20%  of  the  total  blue  di¬ 
formazan  produced  could  arise  from  the  added  serotonin. 

Although  the  results  with  iproniazid  phosphate  were  not  unexpected,  it 
was  of  interest  to  note  that  the  adrenal  monoamine  oxidase  could  be  in¬ 
hibited.  The  inactivation  of  this  enzyme  sy.stem  clearly  afforded  main¬ 
tenance  of  serotonin  concentrations. 

The  experiments  on  “exhausted”  adrenal  glands  yielded  two  helpful 
facts.  Firstly  that  the  normal  or  usual  complement  of  reducing  material 
readily  .secreted  by  the  gland  could  be  successfully  remov’ed  without  dis¬ 
turbance  of  the  response  to  .serotonin.  This  will  now  permit  the  stockpiling 
of  the  labile  compounds  elicited  by  serotonin  in  a  less  contaminated  form. 
Secondly,  it  was  possible  to  distinguish  between  previously  steroid-treated 
and  untreated  animals.  Usually  the  rabbits  that  were  treated  with  steroids 
had  received  either  progesterone  or  synthetic  steroids  being  screened  for 
progestational  activity.  Whereas  progesterone  was  used  as  a  subcutaneous 
standard,  19-nor-ethynyl  testosterone  was  used  as  an  oral  standard.  In 
most  instances,  the  adrenals  appeared  smaller  for  all  groups  of  steroid- 
treated  animals  as  compared  to  the  adrenals  from  the  non-treated  groups. 
Recently  Edgren  et  al.  (6)  hav'e  demonstrated  that  progestational  hormones 
cause  adrenal  atrophy.  In  every  case  of  steroid-treated  rabbits  diformazan 
production  was  significantly  reduced  in  each  incubation  period  without 
serotonin.  Moreover  the  response  to  serotonin  was  noticeably  diminished. 

Addendum 

At  the  completion  of  this  manuscript  a  sample  of  a  human  adrenal  tumor 
became  av’ailable.  The  tissue  appeared  cortical  in  nature  and  1.5  gm.  of 
slices  were  incubated  under  the  same  conditions  like  those  used  for  the 
rabbit  adrenals.  At  the  termination  of  a  1  hr.  control  incubation  period,  the 
medium  was  extracted  as  described  previously  and  28  mS-  of  f>loe  diforma¬ 
zan  was  formed.  The  tissue  was  re-suspended  in  fresh  medium  containing 
15  mg.  serotonin  creatinine  sulfate  and  re-incubated  for  an  additional  hour. 
At  the  end  of  this  interval  the  medium  yielded  900  mK-  of  reducing  sub¬ 
stances.  Examination  of  the  ultraviolet  spectrum  revealed  the  presence  of 
the  225  and  275  m/n  absorption  bands  of  .serotonin  creatinine  sulfate.  Using 
the  densities  of  these  bands  it  was  possible  to  estimate  that  only  20%  of  the 
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I  total  diformazan  producing  material  from  the  serotonin  incubation  could 
have  originated  from  the  added  serotonin. 
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RAT  PITUITARY  HOMOGRAFTS  AS  MANIFESTED 
BY  HOST  RESPONSE  TO  CHORIONIC 
GONADOTROPIN  AND  AMPHENONE 

ROY  HERTZ 

Endocrinology  Branch,  National  Cancer  Institute,  Bethesda,  Maryland 
ABSTRACT 

Hypophysectomizod  rats  hoaring  4  anterior  pituitaries  grafted  under  the 
renal  capsule  exhibit  an  adrenomegalic  response  to  amphenone,  an  effect  which 
is  lacking  in  h3  poph}’sectomized  controls.  Such  graft-bearing  rats  also  show  an 
ovarian  response  to  administered  human  chorionic  gonadotropin  markedh’in 
excess  of  the  maximum  response  obtainable  in  hypophysectomized  controls. 
These  data  indicate  substantial  adrenocorticotropin  and  gonadotropin  produc¬ 
tion  and  release  from  rat  jiituitar}-  tissue  having  no  plu'sical  hypothalamic 
connections.  Moreover,  since  the  adrenomegalic  response  to  amphenone  is 
mediated  through  suppression  of  corticoid  production  bj'  the  rat  adrenal, 
the.se  pituitarv  grafts  apparentl}’  also  maintain  a  degree  of  reciprocal  functional 
relationship  with  the  adrenal  cortex. 

IN  AN  accompanying  paper  we  liave  presented  evidence  for  the  con¬ 
tinued  secretion  and  release  of  growth  hormone  by  pituitary  grafts  in 
the  hypophysectomized  rat  (1).  This  report  describes  experiments  in  which 
the  respective  ovarian  and  adrenal  responses  to  administered  chorionic 
gonadotropin  and  amphenone  in  hypophysectomized  rats  bearing  pituitary 
grafts  indicate  that  such  grafts  are  capable  of  producing  and  releasing  both 
gonadotropin  and  adrenocorticotropin. 

M.\TERIALS  AND  METHODS 

Weanling  Sprague-Dawlev'  rats,  28-30  daj-s  of  age,  were  hypophvsectomizcd  by  the 
l)araphar\’ngeal  approach  and  2  daj’s  later  half  of  them  received  4  whole  pituitary 
grafts  under  the  left  kidnej’  capsule  from  donors  of  the  same  sex  and  age.  Maintenance 
and  feeding  conditions  have  been  previousl}'  described  (1).  From  3  weeks  to  3  months 
later  the  respective  adrenal  and  ovarian  responses  of  the  grafted  and  hypophysecto¬ 
mized  controls  were  tested  by  the  administration  of  either  0.2  mgm.  per  kg.  oral  amphe¬ 
none  in  0.25  cc  H2O  dail}*  for  14  da\'s  or  by  administration  of  20  I.U.  human  chorionic 
gonadotropin  subcutaneouslj'  dailj’  for  5  daj’s  in  0.2  cc  H2O.  The  rats  were  sacrificed  24 
hours  following  the  last  of  these  treatments  and  the  quantitative  data  recorded  in 
Table  1  were  obtained.  The  sella  of  each  animal  was  carefully  exa milled  under  good  il¬ 
lumination  and  ten-fold  magnification  for  comj)leteness  of  the  hj'pophj’sectomj’  and 
the  grafts  were  recovered  for  histological  study. 
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RESULTS  AND  DISCUSSION 

Prior  studies  have  established  tliat  the  adrenoiuegalic  effect  of  aniphe- 
none  results  from  apparent  increase  in  ACTH  release  from  the  anterior 
pituitary  resulting  from  lowered  output  of  corticoid  by  the  adrenal.  Hence, 
in  the  hypophysectomized  rat  such  adrenomegalic  effect  is  totally  lacking 
(2).  The  present  data  confirm  tlie.se  ob.servations  in  the  hypophysectomized 
rat.  However,  substantial  adrenomegalic  effect  accompanied  by  the  highly 
characteristic  yellowish  discoloration  of  the  adrenals  is  observed  in  the 
hypophysectomized-grafted  rat.  This  effect  demonstrates  that  the  ectopic 
pituitary  without  any  hypothalamic  connection  can  respond  at  least  to  a 
limited  degree  to  an  amphenone-induced  lowering  of  adrenal  hormone  out¬ 
put  by  increased  ACTH  release. 

The  precautions  we  have  taken  to  overcome  (piantitative  limitations  in 
the  amount  of  available  ectopic  pituitary  tissue  by  utilizing  4  pituitary 
glands  may  account  for  the  positive  effects  we  have  obtained.  Also  stressful 
stimuli  utilized  by  others  represent  a  more  acute  demand  for  ACTH  re¬ 
lease  than  does  the  chronic  administration  of  amphenone.  Nevertheless,  it 
is  clear  that  a  quantitatively  limited  l)ut  (pialitatively  distinct  reciprocal 
working  relationship  between  adrenal  and  pituitary  can  lie  demonstrated 
under  our  experimental  conditions. 

Reichert  et  aJ.  (3)  showed  that  the  ovarian  response  of  the  immature 
hypophy.sectomized  rat  to  chorionic  gonadotropin  is  quantitatively  very 
limited.  Thus,  ovaries  weighing  more  than  30  mg.  can  not  be  produced  in 
the  completely  hypophysectomized  immature  rat.  Our  data  substantiate 
this.  Moreover,  it  is  clear  that  the  ectopic  pituitary  tissue  can  release  suffi¬ 
cient  pituitary  gonadotropin  to  markedh'  augment  the  biological  response 
to  the  administered  chorionic  gonadotropin  (4).  This  is  also  apparent  from 
the  greater  weights  of  ovaries  and  uterus  in  the  hypophysectomized- 
grafted  rat  compared  with  those  of  the  liypophysectomized  animal.  Hence 
we  may  conclude  that  in  the  ab.sence  of  any  hypothalamic  connection  rat 
pituitary  tissue  is  capable  of  producing  and  releasing  readily  detectable 
amounts  of  biologically  active  gonadotropin. 

The  data  in  Table  1  reveal  also  that  the  expected  goitrogenic  effect  of 
amphenone  is  totally  lacking  in  the  hypophysectomized  as  well  as  in  the 
hypophysectomized-grafted  animal.  Histological  examination  of  the  thy¬ 
roid  glands  of  these  animals  also  fails  to  reveal  clear  evidence  of  thyrotropin 
response.  However,  Scow  and  (freer  have  shown  that  the  thyroid-serum 
iodide  ratio  is  above  that  of  the  hypophysectomized  mouse  in  graft-bearing 
hypophy.sectomized  mice  treated  with  propylthiouracil  (5).  Hence  the  thy¬ 
rotropic  potential  of  ectopic  pituitary  ti.ssue  merits  further  .study. 

The  data  presented  in  a  preceding  paper  (1)  and  in  this  report  clearly  in¬ 
dicate  that  the  anterior  pituitary  continues  to  function  to  a  substantial  de¬ 
gree  after  complete  separation  from  physical  connection  with  the  hypo- 
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Table  1.  Response  to  a.mphexoxe  oh  chorioxtc  ooxadotropix  ix  hypophysec- 

TOMIZED-r.RAFTEI)  VS.  H YPOPH YSECToMIZEI)  ANIMALS* 


Endocrine  status  1 

Body  wt.  1 
(gms.)  1 

Ovaries  , 

(mgm.)  ! 

.\drenals 

(mgm.) 

Thyroid 

(mgm.) 

llvpox 

!K)  -t-  4 

4±  0.5  ! 

10  ±1 

410.5 

Hypo.x  +  grafts 

138  ±  5 

»±  1.5 

12  ±2 

Oil 

Intact 

184-1-12 

()7+  9 

53  +  ti 

11+2 

Hypox  -|-amphenone 
llvpox  -)- grafts  -|-am- 

00  ±  7 

1  4±  0.7 

i 

:  1010.8 

4  10.0 

phenone 

1  128  +  11 

10+  1.0 

'  28  ±3 

510.8 

Intact -|-amphenone 

177±11 

70±11 

1  71  ±5 

34  1 5 

Hypox +  llCGt 

'  1)2  +  5 

23  ±  4 

1  — 

i  — 

H\pox  -(-grafts -f-HC(t 

1  130  ±  9 

;  143  ±15 

— 

1  - 

*  Data  from  a  representative  series  j)resented;  (il  days  of  age  at  autopsy;  eacii  series  re¬ 
peated  3  times  with  equal  numhers  of  rats;  8  animals  per  group;  high  mortality  in  amphe- 
none-treated  hypophyseetomized  rats. 

t  HCCi  =  Human  ehorionie  gonadotropin. 


thalamus.  However,  it  is  also  clear  that  the  (juantitative  level  of  somato¬ 
tropin,  adrenotropin  and  gonadotropin  produced  and  released  under  these 
conditions  is  not  adequate  for  optimal  endocrine  function.  Hence,  the  de¬ 
ficiency  appears  to  be  relative  rather  than  absolute  and  one  is  led  to  attrib¬ 
ute  a  substantial  degree  of  hypothalamic  independence  to  the  anterior 
pituitary.  In  fact,  a  small  number  of  grafted-hypophysectomized  male  rats 
retain  active  spermatogenesis  (1,  6).  Since  a  comparable  phenomenon  has 
not  been  seen  in  the  female,  it  may  be  inferred  that  more  complete  hypo¬ 
thalamic  dependency  is  involved  in  meeting  the  greater  (juantitative  de¬ 
mands  of  critical  phases  of  the  ovulatory  cycle.  In  any  event,  it  is  clear  that 
a  basal  level  of  anterior  pituitary  function  continues  without  physical  con¬ 
nection  with  the  hypothalamus. 

Acknowledgment 

The  highly  skilled  technical  assistance  of  Mr.  Howard  Erwin  and  Mr.  Charles  Turner 
is  gratefully  acknowledged. 


REFEREXCES 

1.  Hertz,  R.:  Endocrinology  65:  22(5.  1958. 

2.  Hertz,  R.,  W.  W.  Tullner,  J.  .\.  Schricker,  F.  G.  Dhyse,  an’d  L.  F.  Hall.max: 
Recent  Progress  in  Hormone  Research  XI,  p.  119;  .\cademic  Press,  Inc.,  New  York 
1955. 

3.  Reichert,  F.  L.,  R.  I.  Pencharz,  M.  E.  Simpson,  K.  Meyer,  and  H.  M.  Evan.s: 
.4«i.  J.  Physiol.  100:  1157.  1932. 

4.  Leonard,  S.  L.:  Proc.  Soc.  Exper.  Biol.  &  Med.  30:  403.  1932. 

5.  Scow,  R.  and  M.  Greer:  Endocrinology  56:  590.  1955. 

6.  Goldberg,  R.  C.  and  E.  Knobil:  ibid.  61:  742.  1957. 


('HEMICAL  IDENTIFICATION  OF  IODINE-CONTAINING 
(^(IMPOUNDS  IN  HUMAN  SERUM* 


TSUYOSHI  KONG, 2  L.  VAN  MIDDLESWORTH* 

AND  E.  H.  ASTWOOD 

Zukind  Research  Laboratories,  Xew  England  Center  Hospital- Pratt  Diagnostic  Clinic, 
and  the  Department  of  Medicine,  Tufts  Cniversity  School 
of  Medicine,  Boston,  Massachusetts 


ABSTRACT 

Studies  have  l)een  made  on  the  extraetion  of  iodinated  eompounds  from 
human  serum,  their  ehromatoKraidiie  separation  on  filtiT  paper,  and  their 
deteetion  by  a  eerie  sidfate-arsenious  aeid  reagent,  followed  by  staining  with 
aniline  in  aeetone  and  neutralizing  with  sodium  hiearhonate.  Chloride  simu¬ 
lated  iodine  eompounds  on  ehromatograms.  Thiouraeil,  thiouraeil  disulfide 
and  propylthiouraeil  were  found  to  reduee  eerie  ion  eatalytieally  and  when  run 
in  eertain  solvent  systems  moved  to  positions  whieh  eould  eause  eonfusion 
with  the  iodotyrosines  or  iodothyronines.  Only  thyroxine  and  iodide  were  regu¬ 
larly  identified  in  normal  human  serum,  hut  small  amounts  of  unknown  posi- 
tive-reaeting  eompounds  were  found  among  juitients  with  simple  goiter. 

WHEN  Bowden,  Maelagan  and  ^^'ilkinson  (1)  adapted  tlie  catalytie 
ceric-arsenioiis  reaction  of  Sandell  and  KoltofT  (2)  to  the  detection  of 
minute  amounts  of  iodine-containing  compounds  on  filter  paper,  a  sensitive 
method  became  available  which  has  been  wideh'  applied  to  the  detection 
and  measurement  of  iodine  compounds  in  tissues  and  body  fluids  following 
chromatography  or  electrophoresis  (3-()).  Minor  modifications  of  the  origi¬ 
nal  technique  have  been  introduced  to  intensify  the  spots,  to  increase  sensi¬ 
tivity  and  to  preserve  the  chromatogram  (7-9);  but  no  systematic  study 
seems  to  have  been  made  of  substances  which  might  interfere  with  the  test 
by  simulating  iodine  in  the  reaction. 

Identification  of  the  iodine-containing  compounds  in  human  serum  with¬ 
out  the  use  of  radioiodine  would  facilitate  studies  of  thyroid  function  and 
aid  in  the  diagnosis  of  patients  suffering  from  thyroid  di.sease.  Several  pro¬ 
cedures  have  been  devi.sed  for  concentrating  the  compounds  which  might 
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reasonably  be  expected  to  be  found  in  serum  and  freeing  them  sufficiently 
from  salts  and  extraneous  substances  to  permit  chromatographic  analysis 
on  paper  (3,  4,  10-12).  The  studies  to  be  described  were  undertaken  in  an 
attempt  to  devise  a  workable  procedure  and  to  determine  the  factors  which 
might  lead  to  misleading  conclusions. 

EXPERIMENTS  AND  RESULTS 

Detection  of  iodinated  compounds  on  paper  chromatograms.  Various 
amounts  of  iodinated  compounds  between  1.0  and  0.001  juS-  were  spotted 
on  A\'hatman  Xo.  .4  MAI  paper  in  an  area  of  about  0.25  cm-.  After  drying, 
the  papers  were  stained  with  the  mixture  of  equal  volumes  of  10%  ceric 
sulfate  and  5%  arsenious  acid  in  IX^  sulfuric  acid  solution  for  30  minutes 
at  room  temperature  as  described  by  Bowden,  Alaclagan  and  Wilkinson 
(1).  Iodinated  compounds  gave  rise  to  white  spots  on  a  jellow  background. 
After  being  dried  the  papers  were  dipped  into  a  3%  solution  of  aniline  in 
acetone  (9)  and  dried  again,  whereupon  the  color  of  the  background 
changed  to  green.  The  papers  were  then  dipped  into  a  saturated  aqueous 
solution  of  sodium  bicarbonate  to  neutralize  the  acid  and  then  dried  again. 
A  permanent  record  was  thus  obtained;  the  color  of  the  background  be¬ 
came  blue  and  contrasted  sharply  with  the  white  spots.  The  minimal  de¬ 
tectable  amounts  of  iodinated  compounds  on  0.25  cm-,  of  paper  by 
this  procedure  were  as  follows;  thyroxine  (T4)  0.005  /ug.,  3,5,3'-triiodo- 
thyronine  (T3)  O.OOS  mS-,  3,5-diiodothyronine  (T2)  0.01  jug.,  3,5-diiodotyro- 
sine  (Dn")  0.001  jug.,  3-monoiodotyrosine  (MIT)  0.002  jug.,  potassium 
iodide  (KI)  0.001  jug.  Because  of  diffusion  during  development  larger  quan¬ 
tities  were  needed  for  chromatography  but  quantities  of  0.1  jug.  of  T4,  0.1 
jug.  of  T3,  0.02  jug.  of  DIT,  0.02  jug  of  AIIT  and  0.01  jug.  of  potassium  iodide 
were  clearly  detected  on  chromatograms  after  development  in  the  follow¬ 
ing  solvent  systems: 

fief. 

BAW  system  —  X-l)utanol-acetic  aeid-water  (75:10:15)  (l.'J) 

BKAa  system — X-hutanol-ethanol-2X-ammonium  hydroxide  (5:2:1)  (ll) 

BKAh  system — X-l>utanol-ethanol-2X-ammoiuum  hydroxide  (5:1:2)  (14) 

2BA  system  2-hutanol-:i%  ammonium  hydroxide  (;i:l)  (5) 

Separation  of  iodinated  compounds  from  human  serum.  The  method 
used  was  adapted  from  several  previously  published  procedures  (15,  1(5, 
3-5,  9-12),  and  in  its  final  form  most  closely  followed  that  of  Block,  Werner 
and  Mandl  (10,  5).  Five  to  10  ml.  of  human  serum  was  extracted  with  2.5 
volumes  of  X-butanol  saturated  with  O.IX  sulfuric  acid  and  then  twice 
with  X-l)Utanol  by  shaking  vigorously  for  5  minutes  and  centrifuging.  The 
combined  acid  butanol  solution  was  made  alkaline  to  bromthymol  blue 
with  2N  ammonium  hydroxide  and  evaporated  in  vacuum  in  a  flash  evap¬ 
orator  at  less  than  40°  C.  to  a  volume  of  about  1  ml.  This  dry  butanol  solu¬ 
tion  was  filtered  through  a  1.2  cm.  diameter  filter  paper  on  a  microfilter 
using  slight  suction,  and  the  flask  was  washed  with  3  ml.,  and  then  with  1 
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ml.  of  dry  hutanol.  To  the  coinl)ined  filtrates  an  ecjual  volume  of  chloro¬ 
form  was  added,  and  this  mixture  extracted  once  with  an  eciual  volume  and 
twice  with  one-half  volumes  of  2X  ammonium  hydroxiile;  gentle  mixing 
avoided  troublesome  emulsions  difficult  to  break  bj'  centrifugation.  The 
ammonia  solutions  were  evaporated  in  vacuum  and  the  residue  transferred 
to  paper  using  0.3  ml.  and  0.2  ml.  portions  of  methanol  containing  1% 
concentrated  ammonia.  Usually  half  of  the  final  residue  was  applied  as  a 
straight  line  1.0  to  2.o  cm.  long  to  a  strip  of  Whatman  No.  3  MM  paper  and 
developed  in  the  BAW  system  and  another  half  in  one  of  the  BhiA  systems. 
After  16  hours’  development  with  ascending  technique  at  room  tempera- 


TaBLE  1.  Ilf’s  OF  COMPOUNDS  WHICH  REACT  WITH  THE  CEKIC-ARSENITE  REAGENT 
IN  FOUR  CHROMATOGRAPHIC  SOLVENT  SYSTEMS 


Solvent 

Ti 

T. 

T, 

niT 

MIT  1 

KI 

NH4CI 

NaCl 

TU* 

TU-nst 

PTUt 

BAW 

0.84 

to 

0.78 

0.84 

to 

0.78 

0.84 

to 

0.78 

0.56 

0.45  i 

1 

1 

0.18 

to 

0.13 

0.10 

to 

0.086 

0.07 

to 

0.058 

0.57  and 
0.54  and 
0.50 

0.57 

0.80 

BEAa 

0.27 

to 

0.20 

0.50 

to 

0.43 

0.51 

to 

0.45 

0.05 

to 

0.037 

0.10  1 
to  1 
0.085  ! 

0.34 

0.16 

0.12 

BEAb 

0.53 

to 

0.52 

0.66 

0.26 

to 

0.15 

0.26 

to 

0.17  1 

0.44 

0.20 

to 

0.14 

0.18 

to 

0.14 

0.37  and 
0.34  and 
0.30 

0.29 

0,64 

2BA 

0.40 

0.53 

0.56 

0.07 

to 

0.064 

0,10 

0.32 

0.17 

to 

0.14 

0.14 

to 

0.11 

0.22  and 
0.13  and 
0.069 

0. 16  and 
0.064 

0.53 

♦  Thiouracil. 
t  Thiouracil-disulfidf. 
t  Propylthiouracil. 


ture  the  chromatograms,  about  30  cm.  long,  were  dried  in  a  current  of  air 
and  stained  as  already  described. 

The  iodinated  compounds  were  identified  from  their  Rf’s  in  both  the 
BAW  system  and  one  of  the  BEA  systems  using  the  values  shown  in 
Table  1. 

I nterference  by  salts.  The  various  steps  in  the  extraction  procedure  were 
arrived  at  largely  because  alternative  methods  failed  to  reduce  the  salt 
content  to  a  point  where  the  running  of  the  chromatogram  was  not  di.s- 
turbed.  Direct  extraction  of  the  butanol  extract  of  serum  with  ammonia 
left  .sufficient  salt  to  cause  two  liquid  phases  to  form  on  the  chromatogram 
as  well  as  spurious  white  spots  and  distortion  of  the  Rj’s  of  known  com¬ 
pounds.  Addition  of  chloroform  to  the  butanol  facilitated  extraction  and 
obviated  lipid  material  which  otherwise  appeared  near  the  front  of  the 
chromatogram.  It  was  further  determined  that  it  was  essential  that  salts 
be  further  excluded  by  evaporating  the  butanol  to  a  small  volume  to  re¬ 
move  water  and  filtering. 

Substances  giving  spurious  reactions  for  iodine.  As  noted  above,  chloride 
ion  yielded  a  white  spot  upon  staining,  as  little  as  5  fig.  being  detectable.  In 
general  chloride  caused  bleaching  of  the  ceric  sulfate  at  a  much  slower  rate 
than  iodine-containing  compounds  and  5  fig.  took  as  long  as  15  minutes  be- 
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fore  being  detectable.  Larger  amounts  caused  more  rapid  fading  and  50  jig. 
was  detected  in  3  minutes.  While  iodine  in  usual  (luantities  bleached  in 
.seconds,  the  reaction  had  to  be  allowed  to  proceed  for  dO  minutes  when 
minute  amounts  were  to  be  detected. 

Besides  giving  rise  to  confusion,  unless  recognized,  chloride  had  the  addi¬ 
tional  unfavorable  property  of  causing  the  bleaching  to  spread  to  adjacent 
areas  of  the  chromatogram,  thus  obscuring  other  spots.  Moreover,  when 
sodium  and  ammonium  chlorides  were  chromatographed  in  certain  solvent 
systems,  the  Hf’s  were  such  as  to  mimic  certain  iodine-containing  com¬ 
pounds  (Table  1).  In  the  BAW  .systems  chloride  ran  with  an  Bf  of  0.1  or 
less  and  this  area  of  the  paper  could  be  cut  off  before  staining. 

Thiouracil,  propylthiouracil  and  related  .substances  have  often  been  used 
as  reducing  agents  and  added  to  serum  before  processing  to  avoid  exchange 
of  radioiodine  or  deiodination.  It  was  noted  that  when  spotted  on  paper 
the.se  compounds  yielded  white  spots  upon  staining,  as  little  as  4  ng.  being 
easily  detectable.  That  this  was  not  simply  a  direct  reduction  of  the  ceric 
sulfate  was  shown  when  upon  omitting  the  ar.senite  from  the  reagent  no 
.spots  appeared  until  large  (piantities  of  the  compounds  were  used. 

Still  more  disturbing  was  the  finding  that  the  Rf’s  of  these  compounds 
were  such  as  to  give  rise  to  confusion  with  the  known  iodine-containing 
compounds.  Solutions  of  thiouracil  and  propylthiouracil  when  added  to 
butanol  and  carried  through  the  extraction  procedure  yielded  one  or  more 
spots,  depending  on  the  solvent  system,  with  the  Hf’s  shown  in  Table  1. 
Accordingly,  the  disulfitle  of  thiouracil  was  prepared  in  the  u.sual  way  (17) 
but  using  sodium  hypochlorite  instead  of  iodine  as  oxidant.  The  Hf’s  of  the 
di.sulfide  corresponded  to  one  of  the  spots  which  appeared  in  chromatograms 
of  aged  solutions.  A  solution  of  as  little  as  1  mg.  of  thiouracil  carried 
through  the  extraction  procedure  gave  rise  to  the  two  spots  referred  to. 

In  the  BAM’  system  thiouracil  and  its  di.sulfide  were  similar  in  H  i  to  di- 
iodotyro.sine  while  the  H  t  of  the  propyl  derivative  was  similar  to  that  of  T4, 
T3  and  T2.  In  the  Bh]Ab  .system  thiouracil  appeared  between  iodide  and 
MIT  or  DIT  and  the  disulfide  a  little  above  the  iodotyrosines;  propyl¬ 
thiouracil  migrated  to  a  position  near  T3.  In  the  ‘2BA  system  thiouracil 
could  be  confu.sed  with  DIT  or  MIT,  while  the  disulfide  was  indistinguish¬ 
able  from  DIT;  propylthiouracil  could  be  confused  with  T3.  A  great  many 
organic  compounds  when  used  in  large  amounts  gave  rise  to  white  spots  by 
directly  reducing  ceric  ion.  Of  the  20  amino  acids  tested  in  amounts  of  10 
Hg.,  only  methionine,  cystine  and  tyrosine  gave  white  spots  while  trypto¬ 
phane  stained  a  reddish  color  (Table  2). 

Of  the  21  sera  from  18  individuals  thus  far  processed  by  the  method  de- 
.scribed,  su’ostances  corresponding  in  Hf  to  thyroxine  and  iodide  in  two  or 
more  solvent  systems  have  uniformly  been  detected.  The  iodotyrosines 
were  not  identified  with  certainty  in  any  instance.  Tryptophane  was  some- 
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TaBLK  2.  Rf  VALI  KS  OF  FOl'R  I’OSITIVK-REAC’TI NO  AMINO  ACIDS 


Solvent  j 

/-methionine 

/-cvstiiie  1 

1 

/-tyrosine 

/-tryptophane 

RAW 

0.3()  ' 

0.078  to  0  1 

0.9  to  0.83  and  0.014  j 

o.:i3 

BEAa 

i  0.22 

1  0.  It)  undo  j 

0.29  to  0.1 9 

0.20 

BE.M) 

:  0.32  and  0.22 

0.19  and  0.042 

t).23  and  0.18 

0.44  to  0.41 

2BA 

0.33 

0.25  and  0 

:  0.22 

1 

i  0.31 

times  seen,  but  no  other  amino  acids  were  detected.  Several  bands  caused  by 
unknown  substances  were  encountered  especially  among  the  sera  of  pa¬ 
tients  with  simple  goiter. 


DISCUSSION 

Of  the  various  factors  studied  chloride  caused  the  most  serious  difficulty 
in  chemical  detection  of  iodinated  compounds,  and  only  a  partial  solution 
for  the  problem  was  found. 

The  mechanism  by  which  chloride  brings  about  reduction  of  ceric  ion 
bears  consideration.  Direct  reduction  is  known  to  occur  but  the  quantity 
needed  was  considerably  greater  than  the  amounts  detected.  Sandell  and 
Koltoff  (2)  showed  that  large  amounts  of  chloride  would  act  catalytically 
like  iodide,  but  they  further  found  that  inclusion  of  chloride  in  the  reagent 
greatly  increased  its  .sensitivity  toward  iodide.  The  presumption  is  there¬ 
fore  that  this  phenomenon  permits  the  traces  of  iodine  doubtle.ss  contami¬ 
nating  the  reagents  and  the  paper  to  cause  bleaching  of  the  area  containing 
chloride  at  a  faster  rate  than  the  slow  bleaching  on  the  background.  Inclu¬ 
sion  of  chloride  in  the  reagent  obviated  the  difficulty  caused  by  chloride 
and  increased  the  sensiti\nty  toward  iodine,  but  the  background  color  faded 
at  an  inconveniently  rapid  rate. 

The  thiouracil  derivatives  appeared  to  act  catalytically  in  the  same 
manner  as  iodide.  It  was  clear  that  ceric  ion  was  readily  reduced  by  thiou¬ 
racil,  and  thiouracil  disulfide  oxidized  the  arsenious  ion  in  the  strong  acid 
used.  The  other  substances  which  gave  rise  to  spurious  tests  for  iodine 
probably  would  not  often  give  trouble  becau.se  of  the  small  (piantities 
normally  found  in  the  .serum,  but  medication  with  some  of  the.se  com¬ 
pounds  or  with  the  antithyroid  drugs  might  lead  to  difficulty. 
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FURTHER  OBSERVATIONS  CONCERNING  THE  ACTION 
OF  PITUITARY  THYROTROPIN  ON  THE  INTER¬ 
MEDIATE  METABOLISIM  OF  SHEEP 
THYROID  TISSUE  in 


NORBERT  FREINKEL® 

Thorndike  Memorial  Laboratory  and  Second  and  Fourth  (Harvard)  Medical  Services, 
Boston  City  Hospital,  and  the  Department  of  Medicine,  Harvard 
Medical  School,  Bostoji,  Massachusetts 

ABSTRAC’T 

Pituitary  thyrotropin  (TSH)  significant!}'  augments  the  assimilation  of  glu¬ 
cose  by  surviving  sheep  thyroid  slices  and  promotes  lipogenesis  from,  and  oxida¬ 
tive  decarboxylation  of,  glucose-U-C*^  in  vitro.  TSH  also  enhances  the  incorpo¬ 
ration  of  inositol-C*^  into  thyroid  lipids  even  in  glucose-free  media.  The  observa¬ 
tions  support  the  general  thesis  that  TSH  acts  by  directly  affecting  the  inter¬ 
mediate  metabolism  of  thyroid  tissue.  Although  the  metabolic  effects  of  TSH 
do  not  require  exogenous  .substrate  for  initiation,  the  alterations  in  assimilative 
capacities  may  facilitate  sustained  TSH  action  upon  thyroid  function  and 
growth. 

ATTEMPTS  to  elucidate  the  mechanism  of  action  of  pituitary  thyro- 
XX  tropin  (TSH)  have  followed  two  directions.  In  the  first,  isotopic 
iofline  has  been  employed  to  as.sess  the  phase  of  hormonogenesis  whicli  is 
primarily  activated  by  TSH.  Intrinsic  to  this  approach  has  been  the  sup¬ 
position  that  TSH  disparatel}’  augments  a  single  component  of  the  bio.syn- 
thetic  sequence  and  that  all  other  steps  in  iodine  metabolism  are  activated 
.secondarily.  The  alternate  line  of  inquiry  has  been  based  on  the  premi.se 
that  TSH  affects  more  generalized  facets  of  intrathyroidal  metabolism,  and 
that  changes  in  iodine  economy  constitute  merely  one  expression  of  these 
alterations.  In  this  laboratory,  the  latter  approach  followed  the  demonstra¬ 
tion  that  even  the  earliest  step  in  the  synthesis  of  thyroid  hormone,  i.e.,  the 
accumulation  of  ionic  iodide  against  a  concentration  gradient,  was  de¬ 
pendent  upon  energy  derived  from  intrathyroidal  aerobic  processes  (1-3). 
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Accordingly,  further  studies  into  the  effects  of  TSH  upon  the  non-iodine 
metabolism  of  thyroid  tissue  were  initiated  (4)  in  the  hope  that  “such  in¬ 
vestigations  [might]  disclose  a  unifocal,  biochemical  site  of  TSH  action  to 
which  the  other  phenomena  are  related  secondarily”  (5). 

The  present  report  deals  with  the  influence  of  TSH  upon  the  assimilation 
of  glucose  and  the  disposition  of  glucose-U-C‘^  and  inositol-C*^  by  sur¬ 
viving  sheep  thyroid  slices.  In  vitro  effects  of  TSH  upon  all  of  these  param¬ 
eters  are  demonstrated.  Thus,  the  studies  support  the  thesis  that  the  role 
of  TSH  must  be  viewed  in  terms  of  its  generalized  action  upon  intrathy- 
roidal  metabolic  processes  (5,  6).  As  in  the  past,  the  use  of  in  vitro  tech¬ 
niques  was  designed  to  facilitate  temporal  documentation  and  to  eliminate 
the  variable  contribution  of  alterations  in  thyroid  blood  flow. 

METHODS 

Preparation  of  tissues  and  incubation:  Thyroid  glands  were  obtained  from  mature 
sheep  following  sacrifice  by  exsanguination  in  the  abattoir.  Glands  were  wrapped  in 
cellophane  and  maintained  at  10-15°  C  in  chilled  Dewar  flasks  during  transport  to  the 
laboratory.  Thyroids  which  had  been  excessively  chilled,  as  ev’ideneed  by  eongealment 
of  the  adherent  adipose  tissue,  were  discarded,  .\fter  freeing  the  thyroid  of  capsular  and 
fascial  investments,  thin  slices  (0..3-0.4  mm.)  were  prepared  with  a  Stadic-Riggs  micro¬ 
tome.  Slices  were  subjected  to  three  serial  rinses,  of  five  minutes  each,  in  200  ml.  of 
0.150  M  XaCl  in  order  to  remove  all  occluded  extracellular  fluids  and  to  deplete  intra¬ 
cellular  metabolites  by  leaching.  Thereafter,  2.50  +  15  mg.  quantities  of  slices  were  intro¬ 
duced  into  the  main  compartment  of  Warburg  vessels.  A  torsion  balance  with  an  ac¬ 
curacy  of  +0.5  mg.  was  employed.  All  operations  were  performed  at  room  temperatures. 

The  following  suspending  media  were  used  for  incubation:  a)  Modified  Kreb.s- 
Ringer-Tris  (KRT):  0.1.31  M  XaCl,  0.005  M  KCl.  0.0012  M  MgS04,  0.008  M  CaCb, 
and  0.010  M  Tris  (hydroxymethyl)  aminomethane  bulTer  (pH  7.4).  This  has  been  previ¬ 
ously  (5)  designated  as  “phosphate-free”  medium,  b)  Modified  Krebs-Ringer-Phos- 
phate  (KRP):  Electrolytes  as  in  KRT  save  for  the  substitution  of  0.010  M  sodium 
phosphate  buffer  for  the  Tris  (hydroxymethyl)  aminomethane.  This  has  been  previously 
(5)  designated  as  “phosphate”  medium,  c)  Modified  Krebs-Ringer-Biearbonate  (KRB): 
0.120  M  XaCl,  0.005  M  KCl.  0.0012  M  MgS04,  0.0008  M  CaCU,  0.0012  M  KHjPOi  and 
0.025  M  XaHCOj. 

In  most  studies,  the  standard  experimental  procedure  described  previously-  (5)  was 
employed.  Herein,  2.7  ml.  KRT  were  placed  in  the  main  compartment  of  Warburg  ves¬ 
sels,  and  side-arms  were  filled  with  0..3  ml.  KRP.  In  a  few  experiments,  both  side-arms 
and  main  compartments  were  filled  with  KRP  or  KRB.  The  side-arm  solutions  con¬ 
tained  either  0  or  0.3  U.S.P.  units  of  TSH  (“'rhytropar,”  .\rmour.  Lot  Xo.  R  2402).  This 
was  prepared  by  dissolving  weighed  aliquots  of  the  lyophilized  TSH  in  appropriate 
media  immediately  prior  to  filling  side-arms.  Suspending  media  for  most  experiments 
were  also  supplemented  with  100  units  penicillin  and  100  ^g.  streptomycin  per  ml.  Con¬ 
trol  studies  indicated  that  the  inclusion  of  this  quantity  of  antibiotics  did  not  affect  the 
metabolic  functions  of  thyroid  tissue  which  were  under  investigation. 

For  incubation  by  the  standard  procedure  or  in  KRP,  the  vessels  were  gassed  with 
100%  oxygen,  and  center-wells  were  filled  with  5%  KOH  and  fluted  strips  of  filter  paper. 

*  The  term  “inositol”  will  be  used  throughout  the  text  to  designate  the  naturally- 
occurring,  physiologically-active  isomer  of  hexahydroxycyclohexane  which  has  been 
variously  labeled  with  the  prefixes  myo-,  meso-  or  i-. 
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The  KRB  studies  were  jH'rformed  in  an  atmosphere  of  95%  02-5%  CO2,  and  no  alkali 
was  introduced  into  the  center- wells.  In  all  situations,  following  temperature  equilibra¬ 
tion  at  38°  C  and  gassing,  the  side-arms  were  tipi)ed  into  the  main  compartment  to  yield 
a  final  concentration  of  0.1  unit  TSH  i)er  ml.  in  the  “TSH-ves.sels”  and  to  initiate  timed 
observations.  Thereafter,  manometric  readings  were  obtained  at  ten-minute  intervals  as 
described  previously  (1). 

Substrates:  To  assess  the  disposition  of  exogenous  substrates,  media  were  supple¬ 
mented  with  glucose  (“Dextrose”:  X’ational  Bureau  of  Standards)  or  inositol  (“i-inosi- 
tol”:  Nutritional  Biochemical  Corporation)  and,  in  some  instances,  with  radioactive 
preparations  of  these  compounds.  The  following  radioactive  preparations  were  emplo3-ed: 

a)  rniformlv-labeled  glucose,  Glucos{‘-r-C‘^  Tracerlal),  Boston,  Mass.  Lot  #301- 
116-5. 

b)  Inositol-2-C‘^  (1.43  mg.  labeled  with  7.9 /ic.)  and  inositol-r-C*^  (7.15  mg.  labeled 
with  9.8  fjte.)  were  graciously-  provided  by  Dr.  Laurens  .\nderson  of  Madison,  Wisconsin. 
The  inositol-U-('*^  had  been  synthesized  in  the  laboratory  of  Professor  S.  J.  .\ngyal  of 
New  South  Wales,  .\ustralia.  Purity  of  the  labeled  glucose  and  inositol  prei)arations 
was  verified  in  this  laboratory  by  papc'r  chromatography  in  a)  n-propanol/  ethyl/ acetate 
/water  (24:13:7);  b)  phenol  saturated  with  0.1%  aqueous  XH3  solution;  and  c)  n-buta- 
nol  acetic  acid  water  (78:10:12),  followed  by  radioautography  of  the  chromatograms 
with  Xo-Screen  Xray.  C'oncentration  of  radioactivity  in  the  final  suspending  media 
ranged  from  0.25  to  1.0  /ac.  of  per  ml.  The  final  glucose  concentration  was  2  mg.  ml., 
and  the  concentration  of  inositol  ranged  from  0.25  to  0.36  mg. /ml.,  a  value  equivalent 
to  roughly  one-tenth  the  concentration  of  free  inositol  in  sheep  thyroid  tissue  (7). 

In  a  few  (‘xperiments,  the  glucose-containing  media  were  also  supplemented  with 
1 .7  mg.  'ml.  of  human  serum  albumin  (Red-(’ross  H.S..\.)  in  order  to  evaluate  the  assimi¬ 
lation  of  gluco.se  in  the  pn'sence  of  glucose  and  albumin-comjjlexed  free  fatty  acids. 

Analyses:  Following  incubation,  the  slices  were  quickly  removed,  blotted  on  filte- 
papt-r,  reweighed  on  the  torsion  balance  and  frozen  on  solid  ('O2.  Center  wells  of  Warr 
burg  vessels  were  rinsed,  filter  paper  strips  were  eluted  with  C'Oo-free  water,  and  the 
carbonate  was  cpiantitatively  i)recipitated  as  BaC'HIs,  and  ])lated  on  tared  stainless 
steel  planchets  as  described  elsewhere  (8).  In  experiments  1,  2,  3,  and  15,  total  tLssue 
lipids  were  prejjared  by  homogenizing  frozen  slices  in  Pott(‘r-Elvehjem  ground-glass 
homogenizers  with  2:1  chloroform : methanol  acconling  to  the  method  of  Folch  and 
Sloane-Stanley  (9),  and  then  washing  extracts  twice  with  0.2  vol.  of  dilute  salt  solution 
(9)  to  remove  water-soluble  contaminants.  For  all  other  studies,  frozen  slices  were 
homogenized  with  5  ml.  of  chilled  5%  TC.\,  and  the  centrifuged  sediment  was  resus¬ 
pended  and  washed  two  additional  times  at  4°  C  with  5  ml.  portions  of  ehilled  5%  TC.\ 
prei)aratory  to  extracting  lipids  from  the  TC.\-insoluble  residue  by  the  chloroform 
:methanol  procedure  as  above.  Measured  portions  of  the  washed  chloroform:  methanol 
extracts  were  plated  directly  on  nickel-jilated  planchets  at  infinite  thinness. 

Duplicate  aliquots  of  the  media  from  vessels  which  had  been  incubated  without  tis¬ 
sues  and  from  the  exiierimental  flasks  were  j)recipitated  with  Ba(0H)2-ZnS04.  Protein- 
free  filtrates  were  analyzed  for  glucose  with  “Cllucostat”  reagents  (Worthington  Bio¬ 
chemical  Corj).,  Freehold,  New  Jersey')  by  the  enzymatic,  colorimetric  method  of  Hue- 
gett  and  Xixon  (10). 

Ra<lioactive  assay  was  performed  with  an  automatic,  micromil-window  gas-flow 
counter  (X’uclear,  Chicago).  BaCOs  samples  were  corrected  for  self-absorption  to  a  mass 
of  5  mg.  at  constant  geometry-.  Sufficient  counts  were  observed  to  reduce  the  probable 
error  of  the  measurement  to  ±3%. 

Expression  of  results:  For  most  studies,  incubations  were  performed  with  duplicate 
vessels.  In  all  instances,  chemical  analyses  and  planchetings  were  performed  in  duplicate. 

Oxygen  consumption  was  estimated  in  terms  of  QO2  (mm’  O2  per  hour  per  mg.  of 
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initial  wot  weight).  Xet  assimilation  of  glucose,  expressed  as  “jug-/niK-  initial  wet  weight” 
was  calculated  on  the  basis  of  the  difference  in  the  final  glucose  concentrations  in  vessels 
incubated  with  and  without  tissues,  and  a  known  volume  of  3.0  ml.  of  medium  within 
each  vessel.  The  disposition  of  radioactivity  into  C*^02  and  lipid-C”  was  quantitated  on 
the  basis  of  “%  of  total  radioactivitj’  per  gm.  initial  wet  weight.”  Total  radioactivit\’ 
was  estimated  with  counting  standards  appropriately  corrected  to  infinite  thinness  or  to 
a  mass  of  5  mg. 

RESULTS 

1.  The  Ejfect  of  TSH  on  Thyroid  Carbohydrate  Metabolism  and  Respiration 
in  vitro: 

Results  obtained  in  fourteen  experiments  with  glucose-supplemented 
media  are  summarized  in  Table  1.  QO2  was  measured  in  thirteen  studies. 
Herein,  TSH  effected  a  uniform  enhancement  of  oxygen  consumption. 
Average  QO2  in  the  pre.sence  of  0.1  U.S.P.  unit  TSH/ per  ml.  suspending 
medium  was  18.7  ±3%“  greater  than  control  values,  a  significant  effect 
(P<0.01),  and  comparable  in  magnitude  to  the  stimulation  of  thyroid 
respiratory  metabolism  by  TSH  which  was  previously  observed  with 
glucose-free  sjstems  (5).  In  twelve  of  the  fourteen  experiments,  TSH  pro¬ 
moted  the  assimilation  of  glucose  from  the  .suspending  medium.  Although 
TSH  caused  an  occasional  early  increase  in  the  hydration  of  suspended 
thyroid  slices  (o),  the  phenomenon  could  not  be  explained  on  this  basis.  For 
the  fourteen  experiments,  the  average  net  glucose  “uptake”  (as  related  to 
initial  wet  tissue  weight)  was  21.2  ±4.8%®  greater  in  TSH-containing  than 
in  control  ve.s.sels.  TSH  effects  upon  glucose  assimilation  were  observed  in 
media  of  low  as  well  as  high  phosphate  content  (cf.  “standard”  or  KRB  vs. 
KRP  media),  and  in  simple  saline-gluco.se  systems  as  well  as  in  media 
containing  supplemental  protein  and  free  fatty  acids®  (cf.  “standard” 
vs.  “standard 4* HSA”  media).  Eight  experiments  were  conducted  with 
gluco.se-U-C*^.  In  all  instances,  lipogenesis  was  promoted  by  TSH.  Average 
incorporation  of  radioactivity  into  thyroid  lipids  was  35.3  ±4.4%®  greater 
in  the  presence  of  TSH.  Effects  upon  oxidative  decarboxylation  of  glucose 
were  asses.sed  by  collecting  CO2  in  seven  experiments.  Despite  considerable 
differences  in  control  respiratory  activity  in  these  studies,  TSH  invariably 
augmented  the  evolution  of  C‘^02.  The  fraction  of  the  total  radioactivity 
which  was  recovered  as  C‘^02  was  63.5  ±14.5%®  greater  in  the  TSH  sys¬ 
tems.  It  would  seem  unlikely  that  the  action  of  TSH  on  carbohydrate 
metabolism  can  be  attributed  to  contamination  with  other  pituitary  hor- 

^  Mean  +  Standard  Error  of  the  Mean. 

*  That  surviving  sheep  thjToid  slices  can  actively  metabolize  albumin-complexed, 
free  fatty  acids  (FF.\)  has  been  consistently  demonstrated  in  the  author’s  laboratory. 
Direct  chemical  analysis  has  been  employed  to  document  assimilation  from  glucosc'-free 
as  well  as  ‘‘glucose-containing”  media.  Decarboxylation  and  incorporation  into  thyroid 
lipids  in  vitro  have  been  shown  with  palmitate-l-C*^. 
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Table  1.  The  effects  of  TSH  on  the  resfiratoky  metabolism  anu  the 

DISPOSITION  OF  GLUCOSE  BY  SURVIVING  SHEEP  THYROID  SLICES 


Kxpt.  No. 

1 

Duration  | 
(hours)  1 

Medium* 

QO, 

Control  values  t  j 

Glucose  C“Oi  Lipid-C**  i 
“uptake"  (%  added  j 

(;ig.,ing.)  C'*/gin.) 

-l-TSH:  %  of  control  vainest 

QOj 

Glucose 

“uptake” 

C'Oi 

Lipid- 

l'i> 

1 

4.0 

1 

Standard  I 

0.24 

4.4 

7.33 

1.18 

125.0 

115.9 

165.1 

145.8 

2 

4.0 

Standard 

0.25 

4.4 

6.86 

0.97 

128.0 

118.2 

166.0 

131.9 

3  1 

4.0 

Standard 

0.54 

5.7 

17.65 

1.93 

103.7 

135.1 

123.6 

144.0 

4 

3.0 

1 

1  Standard  * 

0.20 

3.8 

5.69 

0.49 

117.2 

126.3 

140.6 

142.8 

5 

3.0 

j  Standard 

1  0.37 

4.5 

9.32 

0.64 

110.8 

115.5 

122.8 

106.3 

6 

3.5 

Standard 

1  0.34 

3.0 

— * 

111.8 

110.0 

— 

— 

7 

3.0 

Standard 

;  0.62 

5.2 

— 

— 

114.5 

88.5 

— 

— 

8 

4.5 

Standard -t-HS.\ 

'  0.58 

7.3 

— 

— 

117.2 

131.5 

— 

— 

9 

4.5 

1  Standard -j-HSA 

0.40 

4.9 

— 

— 

135.0 

124.5 

— 

— 

10 

1 

3.0 

1  Standard  4-HSA 

0.44 

3.5 

— 

— 

102.3 

100.0 

— 

— 

n 

2.0 

Standard -i-HS.V 

0.47 

3.4 

— 

125.5 

123.5 

— 

— * 

12 

3.2 

1  KRP 

0.21 

1.8 

1.57 

0.20 

114.3 

166.7 

222.3 

132.5 

13 

1 

3.2 

KRP 

!  0.37 

4.0 

5.02 

0.36 

137.8 

115.0 

203.8 

135.6 

14 

3.3 

KRB 

1  - 

4.2 

0.25 

— 

126.2 

— 

139.2 

*  Medium:  "Standard”  refers  to  standard  experimental  procedure  wherein  0.3  ml.  of  KRP  were  tipped-into  main 
eompartment  of  Warburg  vessels  containing  2.7  ml.  KRT.  In  "8tandard+HSA/’  these  media  were  supplemented  with 
1.7  mg.  human  serum  albumin  p<>r  ml.  Both  side-arms  and  main  compartments  were  filled  with  KRP  or  KRB  in  ex¬ 
periments  so  designated  in  Table  1.  For  details,  see  text.  In  all  studies,  except  Expt.  No.  6,  7,  10  and  11,  the  media 
also  contained  UK)  units  penicillin  and  100  Mg*  streptomycin  p>er  ml.  Following  delivery  of  contents  of  side-arms,  the 
reaction  mixtures  consisted  of  3.0  ml.  volume  containing  2  mg.  glucose  pi^r  ml.,  and  0.3- 1.0  pc.  glucose-U-C^^  per  ml. 
in  experiments  1-5,  and  12-14. 

t  Absolute  values  for  thyroid  slices  incubated  without  TSH  in  the  suspending  medium: 

”00;”:  p\.  O2  per  mg.  initial  wet  weight  during  the  first  hour  of  incubation. 

"(ilucose  Uptake”:  Mg*  glucose  mg.  initial  wet  weight  assimilated  from  the  suspending  medium. 

ana  “Lipid-C^*”:  %  of  added  radioactivity  evolved  as  C*<02  or  incorporated  into  lipids  per  gm.  initial 
wet  weight. 

t  Respirator>'  activity,  assimilation  of  glucose,  and  disposition  of  glucose-U-C*^  expressed  as  a  percentage  of  control 
values.  .4dded  TSH  consisted  of  0.1  U.S.P.  units  per  ml.  final  reaction  mixture. 


moiies  since  comparal)le' effects  were  not  ol)served  with  equivalent  quanti¬ 
ties  of  bovine  ACTH,  porcine  FSH,  ovine  prolactin  or  bovine  STH. 

For  statistical  analysis,  paired  t  tests  were  performed  on  the  differences 
of  the  logarithms  of  the  absolute  values  observed  in  individual  experiments. 
This  is  e{iuivalent  to  testing  whether  the  av’erage  ratio  of  values  (i.e. 
-I-T.SH  —  TSH)  is  greater  than  unity  (11).  Results  are  summarized  in 
Table  2.  The  effects  of  TSH  on  the  assimilation  of  glucose  and  the  disposi¬ 
tion  of  glucose-U-C'*  were  thus  shown  to  be  highly  significant  (P  <0.01)  in 
every  case. 

2.  The  Ejlfect  of  TSH  on  the  Incorporation  of  Inositol-C^^  into  Thyroid 
Lipids: 

The  studies  with  inositol-C“  were  conducted  in  glucose-free  media.  Ab¬ 
sence  of  detectable  quantities  of  glucose  was  corroborated  by  enzymatic 
assay  of  the  suspending  media  both  before  and  after  the  incubation  of 
sheep  thyroid  slices.^  Nonetheless,  in  confirmation  of  earlier  findings  (.5), 
TSH  effected  an  av  erage  18.2%  increase  of  QO2  abov’e  control  values  in  the 
three  experiments  in  which  manometric  readings  were  obtained  (Table  8). 
Previous  observations  had  indicated  that  in  vivo  (.5),  as  well  as  in  vitro 

’’  The  author  has  been  unable  to  observe  measurable  quantities  of  the  enzyme  slu- 
(•ose-6-phosphatase  in  sheep  thyroid  tissue.  Presumably,  therefore,  any  glucose  in  the 
suspending  medium  would  have  had  to  originate  from  reagent  contamination  or  occlu¬ 
sion  of  body  fluids  in  the  slices. 
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Table  2.  Statistical  analysis  ok  the  effects  of  TSH  ox  the  disposition 

OF  GLUCOSE  BY  SURVIVING  SHEEP  THYROID  SLICES 


I  n*  I 

Meant  ! 

S.E.M.t  1 

t  i 

P 

(Jlucose  “uptake” 

14 

.0792  1 

.0169  1 

4.69  ! 

<0.01 

C'M), 

7 

.2033  1 

.0380  i 

5.35  1 

<0.01 

I.il)i(l-C>« 

» 

.1293 

.0155 

8.34 

<0.01 

*  Number  of  experiments  used  for  eomiiutatioii. 

t  Mean  and  standard  error  of  the  mean  of  the  differenees  between  the  common  logarithms 
<  f  absolute  values  observed  in  the  control  and  experimental  vessels  of  individual  experiments 


(4),  the  turnover  of  P^-  in  the  thyroidal  phosphoinositide*  exceeded  that  of 
any  otlier  phosphoglyceride  witliin  the  thyroid.  Results  obtained  witli 
inositol-C*^  in  the  present  studies  are  summarized  in  Table  8.  The  incorpo¬ 
ration  of  inositol-2-C'^  as  well  as  inositol-U-C*^  into  thyroid  lipids  was 
enhanced  by  TSH  in  all  types  of  media.  For  the  five  experiments,  the  aver¬ 
age  increase  above  control  values  effected  by  TSH  was  108.8+25.4%.“ 
Paired  t  test  of  the  differences  of  the  common  logarithms  of  values  in  in¬ 
dividual  experiments  indicated  that  this  stimulation  was  of  statistical 
significance  (Mean+S.F.M.  of  differences  of  logarithms  =  0.2948  ±  .0.582; 
t  =  5.0G;  p  <0.01).  More  precise  documentation  of  the  disposition  of  radio¬ 
activity  in  individual  experiments  was  precluded  by  the  limited  (luantities 
of  ino.sitol-C'l  However,  the  lipid  extracts  which  remained  from  all  experi¬ 
ments  after  plancheting  duplicate  aliquots  were  pooled,  and  the  distribu¬ 
tion  of  radioactivity  among  individual  thyroid  phosphoglycerides  was 
assessed  by  the  mild  alkaline  hydrolysis  and  two-dimensional  paper  chro¬ 
matography  of  Dawson  (12),  as  described  previously  (4).  By  this  tech¬ 
nique,  the  only  chromatographic  spot  which  exhibited  detactable  radio¬ 
activity  was  the  water-soluble  hydrolysis  product  of  phosphoinositide 
(i.e.  the  residue  containing  glycerol,  phosphorus,  and  inositol  (4)). 


Table  3.  The  effect  of  TSH  on  the  incorporation  of  inositol-C‘^ 
INTO  the  lipids  OF  SURVIVING  SHEEP  THYROID  SLICES 


Expt.  No. 

1 

Duration  j 
(hours) 

1 

Type 

j  Medium* 
volume 
(ml.) 

Inositol  t  ' 
(mg. /ml.) 

Control  valuest  | 

-l-TSH:  %  of  con¬ 
trol  valuest 

QOj 

Lipid-C“ 
(%  added 
C»;gm.) 

QOj 

Lipid- 

C“ 

15 

3.0 

KRB 

1  2.0 

0.25 

_ 

0.4510 

_ 

142.3 

16 

3.3 

KRB 

1  3.0 

0.33 

— 

0.0255 

— 

246.3 

17 

3.2 

KRP 

3.0 

0.33 

0.23 

0.0525 

1.30.4 

142.1 

18 

3.0 

Standard 

3.0 

0.36 

0.34 

0.0981 

105.9 

2.33.4 

19 

3.2 

KRP 

'  3.0 

0.33 

0.38 

0.0339 

118.4 

254.9 

*  For  definition  of  “type,”  see  Table  1  and  text.  -All  media  were  supplemented  with  100  units  penieillin  and  100 
streptomycin  per  ml.  Experiment  15  was  conducted  with  modified  reaction  vessel  wherein  0.2  ml.  were  introduced  from 
side-arm  into  1.8  ml.  contained  in  main  compartment. 

t  Radioactive  preparations  were  diluted  with  stable  inositol  to  achieve  desired  concentration.  Inositol-L'-C* 
(0.25  to  0.30  »ic.  per  ml.  final  reaction  mixture)  was  employed  in  experiments  15-17.  Experiments  18  and  19  were  con¬ 
ducted  with  inositol-2-C“  (0.29  and  0.26  iic.  per  ml.  respectively), 
t  As  in  Table  1. 


*  The  currently  available  information  is  based  on  the  resolution  of  the  glyceryl- 
phosphoryl  residues  (4)  obtained  following  mild  alkaline  hydrolysis  of  lipid  extracts 
(12).  Thus,  whether  the  thyroid  phosphoinositide  represents  one  compound  or  several 
substances  differing  in  fatty  acids  or  in  P/inositol  ratios  cannot  be  said  with  certainty. 
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Net  assimilation  of  inositol-C*^  was  vanishingly’  small.  The  release  of 
preformed  free  inositol  from  the  thyroid  slices  into  the  suspending  medium 
was  too  great  to  assess  whether  TSII  affected  the  assimilation  of  unlabeled 
inositol.  The  manifest  leaching  was  not  reduced  by  TSII. 

DISCUSSION 

In  an  earlier  communication,  it  was  reported  that  the  action  of  TSH  upon 
the  respiratory  metabolism  of  sheep  thyroid  slices  could  be  demonstrated 
at  the  first  manometric  reading  subsecpient  to  the  introduction  of  TSH  - 
i.e.,  within  ten  minutes  (o).  Moreover,  it  was  noted  that  the  effects  of  TSH 
upon  the  incorporation  of  P^-  into  phospholipid  phosphorus  in  vitro  (13, 
14,  5)  could  be  extrapolated  to  zero-time  to  suggest  virtually  instantaneous 
activation  (5).  Comparable  documentation  of  earliest  temporal  relation¬ 
ships  was  not  attempted  in  the  present  studies.  First,  it  was  felt  that  dem¬ 
onstration  of  assimilative  phenomena  would  require  incubation  of  suffi¬ 
cient  duration  to  effect  concentration  changes  in  the  suspending  medium 
which  could  be  analyzed  with  accuracy.  Secondly,  it  was  felt  that  the 
magnitude  of  change  in  any  single  moiety  need  not  parallel  physiological 
significance.  For  example,  an  increased  labeling  of  thyroid  phospholipids 
by  TSH  in  vitro  must  be  preceded  by  an  accelerated  labeling  of  water-solu¬ 
ble  phospholipid  precursors.  However,  the  intrathyroidal  stores  of  pre¬ 
cursors  are  small  and  in  rapid  turnover  (4).  Thus,  the  precursors  attain 
early  specific-activity  equilibrium  whereas  the  specific  activities  of  the 
larger  and  more  slowly  turning  over  pho.spholipid  pools  continue  to  rise. 
Finally,  evidence  is  mounting  that  the  primary  action  (or  actions)  of  TSH 
upon  thyroid  metabolism  need  not  be  reflected  by  the  fate  of  any  extra¬ 
cellular  metabolite.  For  example,  the  stimulation  of  thyroid  oxygen  con¬ 
sumption  by  TSH  in  vitro  (15-17)  does  not  require  the  presence  of  any 
organic  substrate  in  the  suspending  medium  (5)  and,  in  the  absence  of 
TSH,  cannot  be  duplicated  by  supplementing  the  medium  with  gluco.se, 
pyruvate,  lactate,  nor  any  Krebs  cycle  intermediate  (save  possibly  .suc¬ 
cinate)  (18,  19).  Furthermore,  it  was  previou.sly  reported  that  TSH  in  vitro 
effected  an  increa.se  in  the  intracellular  concentration  of  inorganic  phos¬ 
phorus  which  could  not  be  explained  solely  by  an  augmented  penetration 
of  extracellular  orthophosphate  (5).  Since  then,  the  author  has  obtained 
this  effect  even  in  “phosphate-free”  media.  Thus,  it  would  appear  that  the 
quest  for  the  primary  site  of  TSH  action  might  lie  directed  most  profitably 
towards  an  assessment  of  preformed  intracellular  stores  of  oxidative  sub¬ 
strates  (such  as  thyroidal  fatty  acids  or  glycogen),  or  upon  the  intracellular 
energy  mechanisms,  or  enzymatic  alignments  which  condition  the  disposi¬ 
tion  of  the.se  substrates. 

It  is  against  the  above  considerations  that  the  present  findings  must  be 
projected.  Evidence  has  been  presented  that  TSH  profoundly  alters  the 
carbohydrate  metabolism  of  surviving  thyroid  tissue.  In  the  presence  of 
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TSH,  the  accumulation  of  extracellular  glucose  by  sheep  thyroid  slices  is 
enhanced,  and  the  evolution  of  C*^02  and  the  formation  of  lipid-C*^  from 
glucose-U-C‘^  is  promoted.  The  latter  activities  may  be  interrelated  since 
oxidative  decarboxylation  of  glucose  via  the  thyroidal  phosphogluconate 
oxidative  pathway  (20-23)  would  result  in  an  increased  availal)ility  of  re¬ 
duced  triphosphopyridine  nucleotide  for  lipogenesis  (24,  25).®  In  addition, 
in  glucose-free  systems,  it  has  been  shown  that  TSH  increases  QOo  and 
promotes  the  incorporation  of  inositol-C*^  into  phosphoinositide,  thereby 
confirming  that  exogenous  glucose  is  not  required  for  initiation  of  the  ef¬ 
fects  of  TSH  upon  respiratory  and  phospholipid  metabolism.  The  data  do 
not  justif}’  attempts  to  reconstruct  the  progression  of  intrathyroidal  bio¬ 
chemical  events.  Nor  do  they  permit  speculation  concerning  the  mecha¬ 
nisms  by  which  these  metabolic  phenomena  are  translated  into  an  altered 
iodine  economy  (21).  However,  from  the  pre.sent  studies,  it  may  be  in¬ 
ferred  that  the  primary  intrathyroidal  sequence  is  accompanied  by  an 
augmented  assimilative  capacity  for  extrathyroidal  glucose.  Thus,  regard¬ 
less  of  endogenous  metabolites,  prolonged  TSH  action  could  be  sustained. 
The  over-all  increase  in  gluco.se  accumulation  would  result  in  an  enhanced 
availability  of  co-factors  and  .substrates  for  anabolic  process  whether  TSH 
disparately  activates  the  phosphogluconate  pathway,  as  has  been  suggested 
in  a  preliminary  report  (22),  or  whether  TSH  does  not  alter  the  propor¬ 
tional  disposition  of  glucose-6-phosphate  along  the  alternative  pathways 
for  gh’colysis  within  the  thyroid. 

Acknowledgments 

Tlie  technical  assistance  of  Miss  Wilma  Barshaw  and  Miss  Harriet  Provinc  and  the 
secretarial  services  of  Miss  Susan  Colby  are  gratefullj-  acknowledged.  The  author  is  also 
indebted  to  Miss  Margaret  E.  Drolette  of  the  Harvard  School  of  Public  Health  for  her 
advice  in  the  statistical  analysis  of  the  data.  Sheep  thyroid  glands  were  obtained  through 
the  kind  cooperation  of  Mr.  Harold  X.  Larson  of  the  Xew  England  Dressed  ^leat  and 
Wool  Co.,  Somerville,  Mass. 
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AVIAN  NEUROHYPOPHYSIAL  HORMONES: 
PHARMACOLOGICAL  PROPERTIES  AND 
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Physicians  and  Surgeons,  Xetv  York, 

ABSTRACT 

The  j)attprn  of  pliarmacological  activities  in  tlie  chicken  ncurohypopiiysis 
lias  been  studied  and  described.  These  activities  correspond  to  those  of  a  mix¬ 
ture  of  oxytocin  and  arginine  vasotocin,  an  analogue  of  oxytocin  synthesized 
by  Katsoyannis  and  du  Vigneaud.  Paper  chromatographic  and  enzj  matie 
studies,  together  with  the  demonstration  of  inactivation  by  thioglyeollate,  fur¬ 
nish  additional  evidence  suggesting  that  oxytocin  and  arginine  vasotocin  ma\' 
be  neurohypophysial  hormones  in  the  chicken,  Gallus  domesticus. 

PRESSOR  and  diuretic  responses  to  the  intravenous  injection  of  chicken 
posterior  pituitary  extracts  were  originally  demonstrated  In'  Herring 
in  1908  (1).  Mackenzie  (2)  found  that  such  extracts  also  had  potent  galac- 
togogue  (milk-ejection)  activity.  Antidiuretic  and  oxytocic  activities  in 
extracts  of  fowl  posterior  pituitaries  were  first  demonstrated  by  de  Lawder, 
Tarr  and  (leiling  (3),  and  Geiling  subsequently  reported  that  these  activi¬ 
ties  were  about  one-half  as  strong  as  tho.se  present  in  I^.S.P.  Posterior 
Pituitary  Powder  (4).  h"rog  water-balance  activity  was  first  described  in 
the  bird  pituitary  by  Heller  (o).  Water-balance  activity  was  far  greater 
than  in  mammalian  extracts  of  equivalent  oxytocic  and  antidiuretic  po¬ 
tency. 

Detailed  pharmacological  and  chemical  studies  of  neurohypophysial 
hormones  from  vertebrates  other  than  mammals  have  not  been  reported. 
In  the  present  study  we  used  manifold  a.ssays,  chromatography  and  inac¬ 
tivation  by  trypsin  and  thioglyeollate  to  characterize  neurohypophysial 
hormones  of  the  domestic  chicken. 

M.\TERI.\LS  AXD  METHODS 

Fowl  extract.  Posterior  pituitaries  were  carefully  dissected  from  freshly  killed  ehiekens 
(Gallus  domesticus),  dehj-drated  in  acetone,  desiccated  in  vacuo,  and  weighed.  In  the 
batch  which  was  most  thoroughly  studied  the  average  weight  per  dried  lobe  was  0.54  mg. 
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The  dried  lobes  were  ground  in  an  agate  mortar  and  extracted  with  a  dilute  solution  of 
acetic  acid,  0.154  M  NaCl  and  0.5%  chlorobutanol  at  pH  3.0  in  a  boiling  water  bath  for 
ten  minutes.  The  resulting  solution  was  filten'd  and  placed  in  ampules  which  were  sealed, 
immersed  in  boiling  water  for  ten  minutes  and  then  refrigerated  at  4°  C  until  used  for 
assaj’.  Two  other  batches  of  fowl  pituitarics  were  also  prei)arcd.  The  results  of  assays  on 
these  were  not  significantly  different  from  those  which  will  be  reported. 

Highly  purified  polypeptide  hormones  and  analogues.  These  were  kindly  furnished  by 
Prof.  V.  du  Vigneaud  and  his  colleagues  of  Cornell  University  Medical  College.  They 
were  carefully  desiccated  and  weighed  in  their  laboratories  aiul  were  then  dissolved  in 
the  solvent  used  for  the  fowl  extract,  but  without  boiling.  Each  solution  was  then 
l)laced  in  ampules  and  treated  in  the  same  manner  as  the  fowl  extract. 

Standards.  The  current  U.S.P.  Standard  Posterior  Pituitary  Powder  was  used  as  ref¬ 
erence  standard  throughout  the  exi)(‘riments  exce))t  where  otherwise  noted,  .\rginine 
vasopressin  and  oxytocin  were  used  as  standard  in  some  assays.  Each  was  carefully 
standardized  against  the  I’.S.P.  Standard  by  ajjprojiriate  pressor  or  rat  oxytocic  assay. 

Biological  assays: 

a.  Rat  Pressor.  Rats  were  anesthetized  with  urethane.  Assaj’  and  statistical  analysis 
of  results  were  performed  as  recommended  bj-  the  U.S.P.  XV  ((i). 

b.  Rat  Oxytocic.  Two  rat  oxytocic  assays  were  employed.  The. uterus  was  susj)ended 
in  a  van  J)yke-Hastings  solution  without  magnesium  or  in  the  same  solution  with  0.5 
mM/1  magnesium.  The  assay  technicpie  and  statistical  analysis  of  results  were  those  of 
Holton  (7)  as  modified  by  Munsick  (8). 

c.  Milk-Ejection.  Milk-ejection  assays  were  performed  on  lactating  rabbits  by  the 
method  of  Cross  and  Harris  (9)  as  modified  by  van  Dyke,  Adamsons  and  Engel  (10).  .V 
four-point  (h'sign  was  used  and  the  results  were  analyzed  exactly  as  were  tho.se  of  the 
rat  oxytocic  assays. 

d.  Dog  Antidiurestic.  Intravenous  antidiuretic  assays  were  performed  as  described 
previouslj-  on  Indratcd,  unanesthetized  dogs  (10).  A  four-point  a.s.sa\-  was  u.sed  and  the 
geometric  mean  potency  is  shown.  No  fiducial  limits  were  calculated.  The  range  of  results 
in  this  assay  is  large  and  the  reported  i)otencies  should  be  considered  as  approximations 
only. 

e.  Rat  .{ntidiuretic.  Intravenous  antidiuretic  assays  in  rats  anesthetized  with  Inactin 
(sodium  ethyl-(l-mcthyl-propyl)  thiobarbiturate,  Promonta)  and  ethanol  were  perfornuMl 
l)y  the  method  of  Jeffers,  Livez}’  and  .Austin  (11)  as  modified  by  Sawyer  (12).  The  design 
and  statistical  treatment  of  results  were  similar  to  those  used  in  the  dog  assays. 

f.  Chicken  .Antidiuretic.  .\n  intravenous  antidiuretic  assay  in  conscious  chickens 
hydrated  intravenously  with  hvpotonic  saline  solution  was  utilized.  Details  of  this  assay 
will  be  published  at  a  later  date.  .Arginine  vasopressin  was  used  as  the  reference  standard 
in  these  assays.  Doses  were  given  in  a  four  point  design  and  the  geometric  m(‘an  jiotcncy 
without  fiducial  limits  was  calculated. 

g.  Hen  Oxytocic.  .An  in  vitro  hen  oxytocic  assaj’  was  designed.  .Muscle  strips  of  the 
uterine  portion  of  the  oviduct  of  laj'ing  hens  were  dissected  and  susi)ende<l  in  a  van 
Dyke-Hastings  solution  containing  0.15  mM/l  calcium,  0.5  niM/l  magnesium  and  100 
mg.  %  glucose.  The  strips  were  2-3  cm.  long  and  2-3  mm.  wide.  The  reservoir  and  bath 
solutions  were  gassed  with  oxj’gen  containing  5%  carbon  dioxide.  The  bath  solution 
was  maintained  at  a  temperature  of  43°  C.  The.se  conditions  were  necessarj-  to  prevent 
spontaneous  contractions.  The  assaj’  was  conducted  exactlj’  as  described  for  the  rat 
uterus.  U.S.P.  Standard  was  used  for  reference. 

h.  F rog  Bladder.  This  in  vitro  assaj’  was  performed  as  recentlj’  described  by  Sawjer 
'13).  Synthetic  oxj’tocin  (Syntocinon)®  was  the  reference  standard. 

’  AVe  wish  to  thank  Dr.  R.  Bircher  of  Sandoz  Pharmaceuticals,  Inc.,  Hanover,  N.  J., 
for  a  generous  supply  of  Syntocinon. 
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Table  1.  Potencies  ok  fowl  extract  and  arginine  vasotocin  in  U.S.P.  units/mg. 

ACCORDING  TO  VARIOCh  METHODS  OK  ASSAY 


Metfiod  of  assay 

Fowl  extract 

Arginine  vasotocin 

i;./mg. 

Limits* 

u./mg. 

Limits* 

Rat  pressor 

0 . 75 

0.74  -0.77 

04 

02-  07 

Hat  ADH 

0.77 

G..M. 

74 

(l.M. 

Dog  .\DH 

0.82 

(l.M. 

51 

G.M. 

Hat  oxvtoeic 

0.92 

0.85-0.98 

37 

34-  41 

no  Mg 

Hat  oxvtoeic 

1  . 42 

1  .32-1 .53 

71 

05-  78 

0 . 5  mM./l.  Mg 

Rabbit  milk-ejection 

j  1.45 

1 .41-1.48 

79 

75-  82 

.\vian  depressor 

'  2.0 

1 .3  -2.9 

110 

82-150 

Turtle  oxvtoeic 

2.5 

(i.M. 

220 

G.M. 

Hen  oxvtoeic 

7.3 

(l.M. 

040 

G.M. 

Chicken  ADH 

12 

(l.M. 

880 

G.M. 

Frog  bladder 

110 

(l.M. 

10,000 

G.M. 

*  95%  fiducial  limits  of  potencies  are  indicated  if  applicable,  otherwise  potencies  are  geo¬ 
metric  means  ((l.M.). 


i.  Avian  Depressor.  Conscious  chickens  restrained  in  the  dorsal-reeumbent,  crucifix 
position  were  used  in  this  assay.  Local  jirocaine  anesthesia  was  used  for  arterial  and 
venous  cannulations.  The  usual  four-iioint  design  was  used,  and  statistieal  data  were 
eoinputed  as  in  the  rat  oxytocie  assay. 

j.  Turtle  Oxytocic.  The  cloaeal  end  of  the  oviduct  of  painted  turtles  (Chrysemys  picta) 
which  had  ovarian  follicles  of  0.5-1. 5  cm.  diameter  was  suspended  in  a  Frog  Ringer  solu¬ 
tion  (13).  Assays  were  performed  in  the  usual  manner,  using  U.8.P.  Standard  for  ref¬ 
erence.  The  geometric  mean  potency  is  shown. 

RESULTS 

Pharmacological  characteristics  of  avian  neurohypophysial  extract.  Potencie.'^ 
of  the  extract  of  chicken  posterior  pituitaries  in  the  above  assays  are  shown 
in  Table  1.  All  re.sults  are  expressed  as  u./  mg.  of  dried  posterior  lobes. 

Significant  discrepancies  between  avian  depressor,  milk-ejection  and  rat 
oxytocic  potencies  are  evidence  sufficient  for  the  conclusion  that  the  ac¬ 
tivities  cannot  be  ascribed  entire!}'  to  any  combination  of  mammalian 
neurohypophysial  hormones.  The  extremely  high  absolute  and  relative 
potencies  in  frog  bladder,  hen  oxytocic,  turtle  oxytocic  and  chicken  anti¬ 
diuretic  activities,  coupled  with  relatively  low  pressor  and  rat  oxytocic 
potencies,  constitute  evidence  that  there  is  at  least  one  unknown  active 
principle  in  the  extract. 

Mammalian  neurohypophysial  hormones  and  their  analogues.  An  investiga¬ 
tion  of  the  structure-activity  relationships  of  highly  purified  mammalian 
neurohypophysial  hormones  and  their  analogues  was  also  being  pursued  in 
this  laboratory  (14).  Each  of  these  substances  was  compared  with  U.S.P. 
Standard  in  most  of  the  assays  previously  mentioned  (Table  2).  Arginine 
vasotocin,  synthesized  by  Katsoyannis  and  du  Vigneaud  (15,  16)  contains 
high  hen  oxytocic,  avian  antidiuretic  and  frog  bladder  activities.  No  mean 


June,  1960 


AVIAX  NEUROHYPOPHYSIAL  HORMONES 


863 


Table  2.  Structures  and  activities  of  neurohypophysial  hormones  and  related  syn¬ 
thetic  ANALOGUES.  POTENCIES  ON  EACH  ASSAY  ARE  EXPRESSED  AS  U./MG.  IN 

terms  of  the  U.S.P.  Standard.  A,  B,  and  F  are  natural  prod¬ 
ucts,  THE  RE.MAINDER  ARE  SYNTHETIC  ANALOGUES 

Stnirturcs 


A. 

♦CyS-Tvr-Phe-(Jlu(NH2)-Asp(NH2)-CyS-Fro-Arg-( 

R. 

Phe 

Lvs 

C. 

Phe 

His 

1). 

lieu 

Arg 

E. 

Phe 

Leu 

F. 

lieu 

Leu 

.\ssavs 


1 

Substance 

Intravenous 

Oxyto' 

1 

cic  rat 

'n  vitro 

,  Vaso- 
1  pres¬ 
sor, 
rat 

•Anti- 

diure- 

sis, 

dog 

Anti-diure-  ^ 
sis,  fowl  1 

i  Vaso¬ 
depres¬ 
sor, 
fowl 

Milk- 

ejec¬ 

tion, 

rabbit 

Oxy- 

tocic 

fowl 

permea¬ 

bility 

bull¬ 

frog 

0.5 

niM./l 

Mg 

No 

Mg 

Arfcinine  vasopressin 

300 

300 

'  >.300 

42 

51 

i  15 

9 

240 

c.  20 

B.  Lvsine  vasopressin 

200 

28 

34 

15? 

5 

15 

<  5 

C.  Histidine  vasopressin 

2 

!  9 

5 

18 

7 

<0.2 

<12 

D.  Arginine  vasotocin 

60 

1  50 

1  880? 

100 

80 

1  "0 

37 

640 

10, (HK) 

E.  Oxvpressin 

3 

1  6 

,  55 

i  88 

•>2 

16 

<0.9 

<20 

F.  Oxytocin 

7 

4 

1  diphasic 

1  360 

1  360 

1  360 

420 

29 

360 

*  Position  of  the  free  amino  group. 


potency  in  terms  of  U.S.P.  Units  can  be  ascribed  to  arginine  vasotocin  or 
to  the  fowl  extract  in  these  tliree  assays  liecause  variations  in  sensitivity 
between  birds  or  frogs  to  the  standard  were  more  pronounced  than  to  the 
fowl  extract  or  to  arginine  vasotocin.  The  geometric  mean  potency  may  be 
close  to  the  median  potency  in  a  population  of  animals  and  it  is  therefore 
used  as  an  approximation. 

Pharmacological  ('omparison  of  avian  neurohypophysial  extract  to  arginine 
vasotocin  and  oxytocin.  Since  the  hen  oxytocic  and  avian  antidiuretic  ac¬ 
tivities  of  arginine  vasotocin  are  high,  both  relatively  and  absolutely,  it 
was  felt  that  this  octapeptide  might  be  a  natural  avian  neurohypophysial 
hormone  or  closely  related  to  one. 

The  pharmacological  activities  of  arginine  vasotocin  and  the  fowl  ex¬ 
tract  should  be  exactly  parallel  if  the  latter  substance  is  the  sole  active  hor¬ 
mone  of  the  chicken  posterior  pituitary.  The  activities  of  the  two  are  com¬ 
pared  in  Figure  1.  It  is  apparent  that  there  is  a  .striking  resemblance  be¬ 
tween  them.  Differences  in  dog  and  rat  antidiuretic  activities  are  not 
believed  to  be  significant.  There  are,  however,  small  but  significant  differ¬ 
ences  between  the  fowl  extract  and  arginine  vasotocin  in  rat  oxytocic, 
milk-ejection  and  avian  depressor  potencies.  The  fowl  extract  is  relatively 
more  active  than  arginine  vasotocin  in  each  of  these  assays.  This  finding  is 
consistent  with  the  hypothesis  that  the  fowl  extract  also  contains  an 
oxytocin-like  hormone.  In  view  of  the  other  striking  similarities  to  fowl 
extract  it  .seems  possible  that  arginine  vasotocin  might  be  the  other  active 
polypeptide.  To  ascertain  further  whether  this  could  be  true  paper  chro- 


8H4 


MrxsicK.  sawyp:r  and  van  dark 


Volume  66 


POTENCIES  OF  FOWL  EXTRACT 
AND  ARGININE  VASOTOCIN 

□  FOWL  EXTRACT  (UNITS/ MG.) 

I  ARGININE  VASOTOCIN  (UNITS/ I I.TjuG.) 


OAT  I  RAT  *  nrif:  »  bat  *  OAT 


RAT  '  RAT  '  OOG  '  R^r  ‘  RAT  '  MILK  ■  AVIAN  TURTLE  ’  HEN  ‘CMCKEN*  PROG 


PRESSOR  ADH  A  OH  OXYTOQC  OXYTOCIC  EJEC.  DEPRESS  OXYTOQC  OXYTOCIC  ADH  BLADDER 
0.  OmM  Mg  0. 5  irM  Mg 


Fig.  I.  PotoiK‘io.«i  of  fowl  p.xtract  and  arKinino  va.«iotocin  in  II  assays.  Potoncios  plotted 
logarithmically,  with  scales  adjusted  to  aiTproximate  pressor  activities. 


matography,  enzymatic  dige.stion  and  thioglycollate  inactivation  of  the 
fowl  extract  were  employed. 

Pa  per  chromatograph  ij.  Heller  and  Lederis  (17)  showed  that  arginine  vaso¬ 
pressin  can  be  separated  from  oxytocin  in  crude  posterior  pituitary  extracts 
by  ascending  paper  chromatography.  They  found  that  the  nature  of  the 
.separated  hormones  can  be  tentatively  designated  by  referral  to  the  Kf’s  of 
purified  hormone  standards  applied  to  the  same  paper. 

W’e  utilized  this  technique  with  several  modifications.  Highly  purified 
oxytocin,  ly.sine  and  arginine  vasopressins  and  arginine  vasotocin  were 
employed  as  standards.  Fowl  extract  was  applied  to  the  paper  for  compari- 
.son  with  the.se.  Whatman  Xo.  1  paper  was  used  at  all  times  in  a  descending 
system.  The  mobile  phases  u.sed  were  either  butanol : water : acetic  acid 
(4;.5:1)  or  butanol :water:acetic  acid :pyridine  (lo :  12 :8 : 10).  The  former 
system  was  by  far  the  more  satisfactory,  since  there  was  less  loss  of  activity 
and  the  spots  were  much  more  compact.  Huns  were  usually  made  over¬ 
night  for  lG-22  hours  at  ambient  temperatures.  Staining  of  the  spots  was 
performed,  as  in  Heller  and  Lederis’  work,  bj'  the  method  of  Reindel  and 
Hoppe  (IS),  utilizing  orthotolidine.  Elutions  were  made  from  macerated 
.strips  of  the  paper  in  0.154  M  XaCl  at  room  temperature  followed  by  cen¬ 
trifugation. 

Figure  2  is  a  reconstruction  of  a  chromatogram  of  the  chicken  extract, 
oxytocin,  arginine  vasotocin  and  lysine  and  arginine  vasopressins.  The 
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original  cliromatograms  cannot  he  reproduced  because  tlie  color  developed 
by  the  Reindel-Hoppe  method  faded  rapidly.  It  is  apparent  that  the  two 
vasopressins  and  arginine  vasotocin  have  mobilities  which  are  so  propin- 
(piant  that  significant  differences  between  them  could  not  be  detected  by 
us.  Oxytocin,  on  the  other  hand,  moved  far  more  rapidly,  but  it  spread  and 
“tailed”  on  all  occasions.  Although  intense  staining  of  the  chicken  extract 
occurred,  the  stains  were  scattered  and  did  not  correlate  with  biological 
activity.  Two  areas  of  rat  oxytocic  activity  in  the  fowl  extract  were  de¬ 
tected  in  this  chromatogram.  The  majority  of  it  was  in  the  region  common 
to  the  vasopressins  and  vasotocin  but  some  of  it  was  in  the  region  occupied 
by  oxytocin.  All  of  the  above  ob.servations  were  true  of  the  butanol  :water: 
acetic  acid  system  as  well  as  of  the  one  shown.  Recoveries  of  arginine  vaso¬ 
pressin,  as  judged  l)y  pressor  assays  of  the  eluates  from  a  pure  sample  and 
from  the  U.S.P.  Standard,  were  44  and  o()%  respectively.  Recoveries  of 
rat  oxytocic  activity  from  the  fowl  extract  varied  l)etween  33  and  100%. 
Recoveries  of  oxytocin  never  exceeded  10%. 

Failure  to  .separate  clearly  arginine  vasotocin  from  the  vasopressins  and 
to  stain  the  active  hormones  in  the  chicken  extract  necessitated  an  alterna¬ 
tive  approach.  The  fowl  extract  was  streaked  in  large  (piantities  on  the 
origin  and  runs  were  performed  as  before,  using  the  butanol : water : acetic 
acid  mobile  phase.  The  entire  area  from  origin  to  front  was  then  eluted  in 
various  sized  strips  and  the  rat  oxytocic  potency  of  each  eluate  was  deter¬ 
mined.  A  typical  elution  experiment  is  illustrated  in  Figure  3.  Again  there 
was  a  distinct  break  between  two  areas  of  oxytocic  activity,  the  proximal 
peak  being  compact  and  the  distal  one  being  ditfuse.  These  eluates  were 

ARG.  VASOPRESSIN 

VASOTOCIN 

LYS.  VASOPRESSIN 
FLOW  ^  ^ 


OXYTOCIN 


Rf  (%) 

CHROMATOGRAM  (BU-AC- PYR-H2O) 


Fig.  2.  C'hromatogram  of  various  pure  polypeptides  and  fowl  extract.  Hatelu'd  areas 
indicate  areas  where  rat  oxytocic  potency  was  found  in  eluates. 
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then  assayed  on  the  hen  uterus,  and  all  activity  resided  in  the  proximal 
peak. 

From  one  of  these  experiments  two  eluates  were  studied,  one  from  the 
proximal  peak  and  one  from  the  center  of  the  distal  area.  They  were  treated 
as  separate  unknowns,  and  pressor,  rat  oxytocic  and  milk-ejection  assays 
were  performed  on  both.  The  residts  are  shown  in  Table  3.  The  proximal 
portion  contained  considerable  pressor,  rat  oxytocic  and  milk-ejection  ac¬ 
tivity.  Its  rat  oxytocic  potency  was  greater  in  the  presence  of  magnesium 
than  in  its  absence.  The  distal  component  contained  no  detectable  pressor 
activity  but  did  contain  rat  oxytocic  and  milk-ejection  activities.  Its  rat 
oxytocic  potency  was  not  increased  by  the  presence  of  magnesium.  Oxyto¬ 
cin  is  the  only  neurohypophysial  hormone  or  analogue  studied  which  has 
equal  or  greater  potency  in  the  absence  of  magnesium  than  in  a  bath  solu¬ 
tion  containing  O.o  mM  1.  magnesium,  when  assayed  against  the  U.S.P. 
Standard  (8). 

Tryptic  digestion.  Paper  chromatography  demonstrated  the  existence  of 
two  different  hormones  in  the  chicken  extract,  one  resembling  arginine 
vasotocin  and  the  other  resembling  oxytocin.  The  proteolytic  enzyme  tryp¬ 
sin  specifically  cleaves  peptide  bonds  only  between  the  carboxyl  group  of 
arginine  or  lysine  and  the  adjoining  amino  group  of  another  amino  acid. 
Trypsin  has  been  shown  to  split  glycinamide  from  arginine  vasopressin. 
The  heptapeptide  which  results  is  biologically  inactive.  Similar  digestion  of 


Tabi.e  3.  Relative  potencies  oe  eluates  prom  a  chromatogram  of  fowl  extract 
(All  results  are  percentages  of  milk-ejection  potency) 

Assay 


Fraction 

Milk-ejection 

Hat  oxytocic*  ' 

Rat  oxytocict 

Pressor 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Proximal 

100 

(>7 

:  89 

91 

Distal 

1  100 

119 

112 

1  <22 

*  The  bath  fluid  contained  no  magnesium, 
t  The  bath  fluid  contained  0.5  m\I./l.  magnesium. 
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oxytocin  does  not  significantly  reduce  its  activity,  since  oxytocin  contains 
neither  arginine  nor  lysine  (19). 

Tryptic  digestion  was  employed,  therefore,  to  determine  whether  the 
fowl  extract  contains  an  active  octapeptide  with  an  arginine  or  lysine  resi¬ 
due.  If  tryptic  digestion  destroys  such  a  peptide,  any  residual  activities 
must  reside  in  a  hormone  that  is,  like  oxytocin,  unaffected  by  trypsin. 

Fowl  extract,  oxytocin,  arginine  vasopressin  and  arginine  vasotocin  were 
all  subjected  to  tryptic  digestion  with  suitable  controls.  One  part  of  each 
solution  was  diluted  with  two  and  one-half  parts  of  a  solution  containing 
0.5  mg./  ml.  of  highly  purified  crystalline  trypsiid  in  0.154  M  NallCOs,  and 
one  part  was  diluted  with  two  and  one-half  parts  of  0.154  M  NallCOs  as  a 
control.  The  pH’s  ranged  from  7.74-8.39.  After  the  incubation  period  the 

Tabi.e  4.  The  effect  of  tryptic  dhiestiox  of  polypeptides  and  fowl  extracts 
(All  values  are  expressed  as  percentage  of  potency  of  controls) 


Assay 


Material 

Pressor 

1 

Hen  oxytocic 

Rat  oxytocic* 

Rabbit  milk- 
ejection 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Arginine  Vasopressin 

'  <  1 

<90 

! 

.\rginine  t  asotocin 

I  <0.9 

<  0.7 

<  - 

2 

Oxvtocin 

- - 

80 

80 

Fowl  Kxtraet 

1 

<  3 

25 

j  20 

*  The  hath  fluid  contained  no  magnesium. 


solutions  were  immediately  refrigerated  at  4°  C  until  assayed.  All  assays 
were  performed  during  the  next  48  hours.  The  results  are  shown  in  Table  4. 

The  pressor  activities  of  arginine  vasopressin,  arginine  vasotocin  and 
fowl  extract  were  completely  destroyed  by  tryptic  digestion.  Also  the  stim¬ 
ulating  action  of  these  three  products  on  the  fowl’s  uterus  was  abolished  by 
tryptic  digestion.  Although  no  hen  oxytocic  activity  could  be  demonstrated 
in  the  treated  vasopre.s.sin,  this  particular  uterus  was  extremely  insensitive 
to  the  U.S.P.  Standard,  and  we  can  therefore  only  state  that  there  was  less 
than  90%  residual  activity  after  tryptic  digestion.  On  the  other  hand,about 
80%  of  the  oxytocin  survived  digestion  as  revealed  by  assays  with  the  iso¬ 
lated  rat  uterus  and  with  the  lactating  breast  of  the  rabbit.  Significant 
milk-ejection  and  rat  oxytocic  activity  also  remained  in  the  chicken  extract 
but  these  activities  were  absent  in  the  digested  arginine  vasotocin. 

These  data  indicate  that  the  pressor  and  hen  oxytocic  component  of  fowl 
extract  contains  either  arginine  or  lysine  and  that  there  is  present  in  addi¬ 
tion  a  hormone  containing  neither  arginine  nor  lysine  which  has  rat  oxyto¬ 
cic  and  milk-ejection  activities  but  very  little  pressor  or  hen  oxytocic  po¬ 
tency. 


*  Xo.  TL  395-6  Worthington  Biochemical  Hales. 
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If  one  assumes  that  this  oxytocin-like  hormone  is  oxytocin  and  that  it 
was  inactivated  under  controlled  conditions  to  the  same  extent  as  pure 
oxytocin  one  can  compute  that  there  are  about  500  mu.  of  oxytocin  pei-  mg. 
of  fowl  posterior  pituitary  powder.  This  figure  is  i)ased  on  milk-ejection 
activities  which  are  prol)ably  more  reliable  than  the  rat  oxytocic  data  be¬ 
cause  responses  of  the  rat  uterus  were  slightly  inhibited  by  the  presence  of 
trypsin. 

Of  the  eleven  assays  utilized  only  four  will  significantly  reflect  the  con¬ 
tribution  of  oxytocin  to  the  potency  of  the  fowl  extract.  They  are  the  rat 


POTENCIES  OF  FOWL  EXTRACT  MINUS 
OXYTOCIN  AND  OF  ARGININE  VASOTOCIN 


□  FOWL  EXTRACT  (UNITS  /  MO.  MINUS  500 mU/MG.  OXYTOCIN) 
■  ARGININE  VASOTOCIN  ( UNITS  /  1 1.7  >16.) 


RAT  '  HAT 

p»Iessor  AOH 


RAT  '  rat  '  MILK 
OXYTOCIC  OXYTOCIC  EJEC. 
0  OmMMg  O.SmMMg 


AVIAN  '  TURTLE '  HEN  '  CHICKEN '  FROG 
DEPRESS.  OXYTOCIC  OXYTOCIC  AOH  BLADDER 


Fig.  4.  Same  as  Figure  1,  with  500  mu. /mg.  o.xytocin  deducted  from  iioteneies  of  fowl 
extract  where  oxytocin  has  significant  effect  (see  text). 


oxytocic  with  and  without  magnesium,  the  milk-ejection  and  the  avian 
depressor  assays.  Five  hundred  milk-ejection  mu.  of  oxytocin  are  etiuivalent 
to  about  500  mu.  in  each  of  the  other  three  assays.  Bj’  subtracting  500 
mu. /mg.  of  fowl  posterior  pituitary  from  each  of  these  four  assays,  the  ac¬ 
tivity  of  the  other  hormone  should  be  revealed  as  if  it  were  assayed  without 
oxytocin.  This  comparison  is  shown  in  Figure  4.  No  significant  difference 
lietween  fowl  extract  without  oxytocin  and  arginine  vasotocin  exists  in  any 
of  the  eleven  assays. 

Thioglycollate  inactivation.  Thioglycollate  inactivates  mammalian  neuro¬ 
hypophysial  hormones  (20).  It  was  of  interest,  therefore,  to  determine 
whether  the  activities  of  fowl  extract  were  also  subject  to  .such  inactivation. 
The  chicken  extract,  oxytocin  and  arginine  and  lysine  vasopre.ssins  were 
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treated  with  O.Oo  and  0.02  M  sodium  thioglyeollate  at  pH  7.4,  using  con¬ 
trols  of  the  same  dilution  at  the  same  pH.  All  solutions  were  allowed  to 
stand  for  2  hours  and  were  then  assayed  for  pressor  and  rat  oxytocic  ac¬ 
tivities. 

Pressor  and  rat  oxytocic  activities  of  oxytocin  and  arginine  and  lysine 
va.sopressins  were  lost  and  no  residual  activity  could  he  detected  in  the 
chicken  extract  after  treatment  with  0.05  M  sodium  thioglyeollate.  Thio- 
glycollate  in  a  concentration  of  0.02  M  caused  nearly  complete  inactivation 
of  each  active  substance.  These  results  represent  presumptive  evidence  that 
the  avian  hormones  which  cause  oxytocic  and  pre.ssor  responses  in  rats 
probably  contain  a  disulfide  bond  which  had  been  reduced  by  thioglycol- 
late. 


DISCUSSION 

The  pharmacological  and  chromatographic  characteristics  of  fowl  poste¬ 
rior  pituitary  extract  are  coiLsistent  with  the  assumption  that  it  contains 
oxytocin  and  another  active  peptide  which  is  clearh'  neither  arginine  vaso¬ 
pressin  nor  lysine  vasopre.ssin.  The  activity  of  the  second  hormone  is  de¬ 
stroyed  by  trypsin.  This  implies  that  like  the  mammalian  vasopressins  this 
hormone  contains  an  arginine  or  lysine  residue.  This  peptide  contains  most 
of  the  hen  oxytocic,  hen  antidiuretic,  and  frog-bladder  activities  of  the 
extract. 

Before  arginine  vasotocin  had  been  assayed  on  the  hen  uterus  the  hen 
oxytocic  potencies  of  other  natural  hormones  and  analogues  had  already 
been  determined.  Arginine  in  the  S-position  of  the  side  chain  seemed  neces¬ 
sary  for  high  specific  hen  oxytocic  activity,  since  lysine  vasopre.ssin,  histi¬ 
dine  vasopressin  and  oxypressin  (leucine  vasopressin)  were  far  le.ss  potent 
than  arginine  vasopre.ssin  (Table  1).  Isoleucine  in  the  R-position  of  the 
pentapeptide  ring  appeared  to  contribute  to  high  specific  hen  oxytocic  ac¬ 
tivity,  since  oxytocin  was  far  more  potent  than  oxypre.ssin,  which  is  identi¬ 
cal  with  oxytocin  except  for  the  pre.sence  of  phenylalanine  in  position  5.  It 
was  strongly, suspected,  therefore,  that  a  compound  with  the  oxytocin  ring 
and  the  arginine  vasopressin  side  chain  would  have  higher  hen  oxytocic 
activity  than  the  most  potent  nonapeptide  known  at  that  time,  arginine 
vasopressin.  In  fact,  arginine  vasotocin  contains  activity  of  .sufficient  mag¬ 
nitude,  relative  to  its  pressor  or  oxytocic  potency,  to  account  for  the  re¬ 
sponse  of  the  hen  uterus  to  chicken  extract.  Arginine  vasotocin  also 
contains  high  relative  hen  antidiuretic,  turtle  oxytocic  and  frog  bladder 
activities.  These  activities,  as  well  as  its  chromatographic  mobility  and 
susceptibility  to  tryptic  digestion,  are  all  consistent  with  the  assumption 
that  arginine  vasotocin  is  the  other  active  polypeptide  of  chicken  neuro¬ 
hypophysial  extracts.  However,  positive  identification  of  these  active  poly¬ 
peptides  must  await  their  isolation  in  pure  form  together  with  confirmation 
of  the  structure  of  each  (See  addendum  added  in  proof). 
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If  we  accept  tentatively  that  the  two  hormones  are  arginine  vasotocin 
and  oxytocin,  what  are  their  functions  in  the  chicken?  Are  they  common 
to  other  birds?  What  hormones  will  be  found  in  the  neurohypophysial  tis¬ 
sues  of  other  vertebrate  classes?  Arginine  vasotocin  is  probably  the  anti¬ 
diuretic  hormone  of  the  chicken.  It  is  more  potent  as  an  antidiuretic  agent 
than  arginine  vasopre.ssin  in  hypotonic  .saline  diuresis.  Further  work  is 
planned  in  this  field.  Oxytocin  has  a  weak  and  inconsistent  antidiuretic 
effect  in  enormous  doses,  but  it  is  often  diurectic. 

The  potent  effect  of  arginine  vasotocin  on  the  uterine  portion  of  the  hen 
oviduct  in  vitro  suggests  an  ecbolic  function  of  this  hormone  in  the  hen. 
The  intravenous  injection  of  30  rat  pressor  mu.  of  arginine  vasotocin  in  an 
intact  hen  induced  oviposition  within  ninety  seconds.  Intrauterine  pres¬ 
sures  were  recorded  once  in  a  non-laying  hen,  and  it  was  found  that  argi¬ 
nine  vasotocin,  arginine  vasopressin  and  fowl  extract  caused  equal,  signifi¬ 
cant  pressure  changes  in  equivalent  in  vitro  hen  oxytocic  do.ses.  Oxytocin, 
in  an  equivalent  in  vitro  hen  oxytocic  dose,  did  not  affect  the  intrauterine 
pressure  in  this  experiment.  The  required  dose  was  so  great  that  a  marked 
vasodepressor  and  possibly  other  effects  may  have  prevented  the  expected 
uterine  respon.se.  Quantitative  relationships  among  responses  to  these  hor¬ 
mones  on  the  hen  uterus  in  vivo  have  not  been  established. 

The  other  known  effect  of  neurohypophysial  hormones  on  the  bird  is  the 
vasodepressor  response.  Since  arginine  vasotocin  is  much  less  potent  than 
oxytocin  in  this  assay,  and  since  large  doses  of  oxytocin  must  be  admin¬ 
istered  to  obtain  .such  an  effect,  it  seems  doubtful  that  the  response  is  of 
physiological  importance. 

From  the  quantitative  data  presented  it  appears  that  arginine  vasotocin 
or  a  similar  substance  is  present  in  a  concentration  of  about  12  /xg.  mg.  of 
dried  fowl  posterior  pituitary.  Oxytocin  or  a  related  compound,  on  the 
other  hand,  is  far  le.ss  abundant.  Its  concentration  is  about  1.2  mS-  mS- 
The.se  concentrations  are  quite  different  from  those  in  the  ox  posterior 
pituitary  where  about  5  mK-  of  arginine  vasopre.ssin  and  5  /xg.  of  oxytocin 
are  present  per  mg.  of  dried  posterior  lobe. 

The  function  of  oxytocin  in  the  bird  is  still  obscure.  That  its  role  may  be 
that  of  a  releasing  factor  for  a  hormone  or  hormones  of  the  adenohypophy¬ 
sis  is  a  distinct  possibility  although  there  is  no  evidence  at  pre.sent  which 
can  confirm  or  refute  this  hypothesis.  We  have  not  studied  the  neurohy¬ 
pophysial  hormones  of  other  birds.  The  data  of  Heller  (5),  when  reviewed  in 
terms  of  the  experiments  reported  here,  suggest  that  the  pigeon  also  se¬ 
cretes  arginine  vasotocin. 

Pickering  and  Heller  (21)  hav’e  independently  confirmed  our  earlier  re¬ 
port  (22)  of  the  existence  of  two  active  peptides  in  the  chicken  neurohy¬ 
pophysis.  They  have  also  separated  chromatographically  two  similar  prin¬ 
ciples  in  extracts  from  two  teleosts  and  a  frog.  We  have  reported  elsewhere 
on  the  close  pharmacological  re.semblances  between  extracts  from  reptiles. 
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amphibians,  teleosts  and  cyclostomes  (23).  Preliminary  studies  indicate 
that  they  also  contain  arginine  vasotocin. 

ADDENDUM 

Since  this  paper  was  submitted  Acher,  H.,  .J.  Chauvet  and  Al.-T.  Lenci 
{Biochirn.  Biophys.  Acta  38:  344,  lOOO)  have  reported  the  isolation  of 
oxytocin  from  fowl  neurohypophysial  extract  and  that  it  contains  the  same 
amino  acids  as  mammalian  oxytocin.  Chauvet,  J.,  M.-T.  Lenci  and 
K.  Acher  {Biochiin.  Biophys.  Acta  38:  571,  1900)  also  reported  the  isolation 
of  two  “vasopressins”  from  fowl  extract  to  which  horse  “neurophysine” 
had  been  added  to  facilitate  precipitation.  “Vasopressin  I”  contains  the 
amino  acids  characteristic  of  arginine  vasotocin,  thus  they  confirm  our 
tentative  identification  of  this  peptide  in  the  fowl  neurohypophysis.  “Vaso- 
pres.sin  II,”  however,  contains  the  amino  acids  of  arginine  vasopressin. 
This  finding  cannot  be  readily  reconciled  with  our  pharmacological  and 
chromatographic  studies  which  appear  to  rule  out  the  presence  of  any  ap¬ 
preciable  quantity  of  arginine  vasopressin. 
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SELIXTIVE  IXHIBITIOX  OF  THE  ('ALORIGEXK^  AC¬ 
TIVITIES  OF  (t:rtaix  THYROXIXE  AXALOGUES 
WITH  (TiROXK^  TIHOURACIL 
TREATMEXT  IX  RATS 

XEIL  K.  STASILLI,  HOBEKT  L.  KBOC  axd  KAY  EDLIX 

\\  arner-Lnmhcrt  Research  Institute,  Morris  Rlai7is,  Xew  Jersey 
AHSTRA('T 

Subcutaneous  administration  of  tliyroxine  and  some  of  its  analogues  to 
elironieally  thiouraeilized  rats  revealed  the  following  ealorigenic  potencies 
expressed  as  percentages  of  eorresjjonding  potencies  in  normal  adult  rats: 
L-thyroxine  7%;  3,o,3'-triiodo-L-thyronine,  3,o,3',5'-tetraiodinated  thyroaeetie 
and  thyropropionie  acids,  and  a  soluble  thyroglobulin  preparation.  29-43%; 
3,5,3'-triiodinated  thyroaeetie  and  thyropropionie  acids,  about  100%.  Further 
tests  in  normal  and  thyroideetomized  adult  rats,  half  of  which  received  thioura- 
eil,  show(‘d  that  the  marked  reduction  in  ealorigenic  efTeetiveness  of  thyroxine 
occurred  in  both  types  of  the  thiouracil-trcaited  animals.  The  activity  of  triio- 
dothyro])ropionic  acid  in  thiouraeilized  rats  was  not  significantly  different  from 
that  observed  in  corr('s|)onding  normal  and  thyroideetomized  controls.  The 
thiouraeilized  rats  were  found  to  be  excreting,  in  their  feces,  approximately  2.3 
times  (j)  <0.01)  as  much  antigoitrogenically-active  material  as  the  nonthioura- 
cilized  rats,  although  both  groups  were  receiving  calorigenicall}'  equivalent 
doses  of  thyroxine  which  were  in  the  ratio  of  0:1  respectively.  The.se  studies  sug- 
g(‘st  that  thiouraeil  may  inhibit  utilization  and  may  modify  gastrointestinal 
excretion  of  thyroxine  and  some  of  its  analogues.  Lack  of  io<line  in  the  5'  posi¬ 
tion  with  absenc<>  of  the  amino  grouj)  in  the  side  chain  of  the  analogues  is  asso¬ 
ciated  with  maximal  calorigcuiic  effectiveness  wIkmi  the  animals  are  under  the 
influence  of  thiouraeil. 

The  primary  action  of  goitrogenic  agents  such  as  thiouraeil  is  con¬ 
sidered  to  he  interference  with  the  normal  synthesis  of  hormones  lyy 
the  thyroid  gland  (1,  2).  Specifically,  these  thiouracil-type  compounds  ap¬ 
pear  to  prevent  a  peroxidase  enzyme  system  in  the  thyroid  gland  from 
converting  iodide  to  iodine  in  vivo  (R).  The  results  of  .several  reports  (4-11) 
suggest  that  such  goitrogens  may  also  selectively  influence  the  pattern  of 
peripheral  action,  degradation  and  excretion  of  thyroxine  and  triiodothy¬ 
ronine.  The  purpose  of  this  report  is  to  present  new  and  confirmatory  evi¬ 
dence  of  .such  action  with  several  thyroxine  analogues  administered  to  rats 
maintained  on  thiouracil-containing  diets. 

MATERIALS  AXD  METHODS 

Groui)s  of  mate  albino  rats,  weighing  280-320  gm.  each,  were  trained  to  eat  their 
total  daily  recpiirement  of  food  between  11:.30  a.m.  and  4:30  p.m.  daily  for  seven  to 
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nine  weeks  prior  to  and  during  the  test  period.  Some  groups  received  powdered  stock 
diet  while  others  received  thiouracil  at  a  concentration  of  0.1%  by  weight  in  the  pow¬ 
dered  stock  diet.  liMK  tests  consisted  of  three  or  six  consecutive  ten-minute  readings 
of  ox}’gen  consumption  for  each  rat  on  several  days  Indore,  during  and  after  adminis¬ 
tration  of  the  ealorigenic  agents.  These  determinations  were  always  made  between 
8:00  A.M.  and  11 :30  a.m.  on  rats  in  a  post-absorptive  state. 

Thyroxine  and  one  or  more  of  the  other  compounds  were  usually  assayed  con¬ 
comitantly  at  two  or  more  dose  levels  jicr  substance  and  five  to  twelve  rats  per  dose 
level.  Compounds  were  dissolved  in  a  minimum  volume  of  O.IX  XaOH  and  diluted  to 
required  concentrations  with  physiological  saline.  Daily  doses  for  each  rat  were  gen¬ 
erally  contained  in  a  volume  of  O.o-l.O  cc. 

The  method  of  evaluating  ealorigenic  assays  of  this  type  was  ])reviously  described  in 
detail  (12).  The  day  to  day  B.MR  increments  obtained  at  each  dose  level  for  the  vari¬ 
ous  comi)ounds  formed  a  series  of  i)arabolic  curves  when  j)lotted  on  linear  graj)h  pajicr. 
.\  i)olar  i)lanimeter  was  list'd  for  computation  of  the  total  art'a  under  each  curve.  The 
two  or  more  mean  area-values  derived  for  each  compound  were  ust'd  to  calculate  final 
dosc-respon.se  curves  which  became  straight  lint's  when  Y  was  area  anil  X  was  the 
logarithm  of  the  tlosc.  The  resulting  lines  wert'  so  nearly  parallel  to  the  eye  that  they 
were  rt'drawn  on  thi'  basis  of  a  common  slope.  The  horizontal  ilistanccs  between  any 
two  lint's,  or  their  calculatt'd  X-inti'rcepts,  wi'ri'  then  usctl  for  conqiarison  of  activities. 

RESULTS  AXI)  DISCUSSIO.V 

At  the  liegiiniiiig;  of  these  studies  it  was  thouglit  tliat  essentially  full- 
grown  adult  rats  rendered  hypothyroid  by  chronic  administration  of  thio¬ 
uracil  would  give  a  respon.se  to  ealorigenic  agents  similar  to  that  of  younger 
or  .surgically  thyroidectomized  animals.  The  inapplicability  of  this  assump¬ 
tion  became  apparent  even  before  the  calorigens  were  injected.  It  will  be 
seen  from  Table  1  that  the  pietreatment  BMK  of  thiouracilized  rats  was 
not  lower  than  that  of  normal  controls  having  the  same  age  and  slightly 
heavier  body  weight.  Actually,  the  oxygen  consumption  of  thiouracil- 
treated  rats  tended  to  be  higher.  A  similar  observation  was  reported  by 


Table  1.  Oxyiiex  coxsrMi'TiDX  ok  adult  male  hats  maixtai.ned  o.\  .normal  or 

THIOURACIL  (0.1%)  CONTAINING  DIET  FOR  SEVEN  TO  NINE  WEEKS 


Assay  Xo. 

1 

Diet 

X 

.■'  v.  mg. 
02/Kg./Hr.“ 
±S.K.''  i 

DilTeiT'iice 
+  S.E.  of 
diff. 

pc 

51 

f  Normal 
\Thiouracil 

22 

2.-i 

i:«3±24^  ' 

1343  ±23/ 

ioi;d  j 

>0.05 

01 

^  Normal 

1  Thiouracil 

24  1 

1 

1350  ±2:F 
1403+301 

i 

137i:i8 

<0.01 

02 

Normal 

1  Thiouracil 

;  21 

1  10 

1340+211 

1  1420  ±34/ 

!  71130 

:  >0.05 

('ombint'il 

fNttrmal 

\Thiouracil 

!  07 

j  00 

1340113 
.  1420118 

'  74  +  23 

1 

<0.01 

1 

•  Kai'h  rat  was  tested  on  four  consct'utive  days  to  obtain  its  averagt'  HMH.  Thcsi'  aver¬ 
ages  were  then  used  to  obtain  t lie  group  average. 

'*  S.E.  of  .\verage  =  v^-d^/X (X  —  1 ). 

'  p-values  based  on  Student’s  “t-test.” 
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Petty  and  Martin  (4)  for  the  BMP  of  chicks  fed  0.2%  thiouracil  diet.  At 
the  end  of  four  months  feeding,  the  clucks’  BMP  was  14%  greater  than 
that  of  the  normal  controls.  The  increased  BMP  was  not  further  modified 
by  an  additional  9-15  days  feeding  of  a  0.4%  thiouracil  diet.  It  was  also 
observed  (4)  that  normal  and  thiouracil-treated  chicks  responded  ecpially 
well  to  the  calorigenic  effects  of  2,4-dinitrophenol. 

The  thiouracilized  rats  (Table  1)  ingested  about  50  mg.  of  drug  per  kg. 
of  body  weight  per  day.  In  contrast,  the  daily  maintenance  dose  for  the 
clinical  control  of  hyperthyroidi.sm  is  of  the  order  of  1-8  mg.,  kg.  (18).  The 
absence  of  BMP  depression  after  chronic  administration  of  thiouracil  in 
rats  (Table  1)  and  chicks  (4)  might  be  attributed  to  pharmacological  side- 
effects  resulting  from  high  doses  of  the  goitrogen.  However,  the  appearance 
of  the  rats  in  this  study  and  their  definite  gain  in  body  weight  did  not  sug¬ 
gest  toxicity.  Pecently,  Mellen  (14)  stated  that  conclusions  regarding  the 
metabolic  effects  of  feeding  thiouracil  to  young  chickens  were  dependent 
on  the  length  of  fasting  prior  to  determination  of  oxygen  consumption. 
Compared  with  that  of  normals,  the  BMP  of  thiouracil-fed  chicks  gradu¬ 
ally  rose  from  about  minus  11%  (at  0-2  hrs.  fast)  to  “normal  levels”  after 
about  24  hours.  Since  all  of  our  calorigenic  tests  in  rats  were  made  after 
17-19  hours  of  fasting,  it  appeared  conceivable  that  the  expected  depressing 
effects  of  thiouracil  on  BMP,  which  were  not  observed  after  17-19  hours, 
might  have  occurred  earlier.  However,  in  a  control  experiment  comparing 
24  normal  and  24  chronically  thiouracilized  rats  after  0-4  hours  of  fasting, 
the  BMP  of  normals  was  as  low  or  lower  than  that  of  the  goitrogen-fed 
animals.  Because  body  weights  of  the  two  groups  were  similar,  calculations 
of  BMP  on  a  body  surface  area  basis  gave  essentiallj'  the  same  results. 

Calorigenesis  after  chronic  thiouracil  therapy: 

Figure  1  illustrates  the  manner  in  which  various  thyroidally  active  com¬ 
pounds  caused  increased  BMP  in  either  the  presence  or  the  absence  of  thio¬ 
uracil.  L-Thyroxine,  8,5,8'-triiodo-L-thyronine,  8,5,8',5'-tetraiodothyro- 
acetic  acid,  8,5,8',5'-tetraiodothyropropionic  acid  and  a  soluble  thyro- 
globulin  preparation  (hog)  were  considerably  less  active  in  the  presence  of 
thiouracil  than  in  normal  rats.  On  the  other  hand,  the  activities  of  8,5,8'- 
triiodothyroacetic  acid  and  8,5,8'-triiodothyropropionic  acid  were  not 
altered  by  thiouracil.  Derivation  of  the  X-intercepts  for  each  of  the  parallel 
lines  allows  a  quantitative  interpretation  of  these  results  as  shown  in  Table 
2.  The  last  column  lists  the  relative  activities  of  the  compounds  in  thio¬ 
uracilized  versus  normal  rats.  Thyroxine  showed  the  greatest  reduction  in 
potency  since  the  dose  for  equivalent  calorigenesis  was  more  than  ten  times 
greater  in  rats  receiving  thiouracil.  The  next  four  compounds  listed  had 
relative  activities  of  about  29-43%.  Finally,  the  activities  of  the  triiodi- 
nated  acetic  and  propionic  acids  appeared  to  be  relatively  little  affected  by 


'  15  30  60  120  240  480  960  ^  20  40  60  120  200  400  1200  2000 

fjj/IOOgm  B.Wt./DAY,  SUBCU.  FOR  9  DAYS  jig/IOOgm  B  Wt  /DAY.  SUBCU  FOR  5  DAYS 


P'lG.  1.  Thyroxine  analogue  induced  calorigenesis  in  adult  male  rats  maintained  on  nor¬ 
mal  or  0.1%  thiouracil  diet:  L-T3,  3,5,3'-triio(lo-L-thyronine;  L-T4,  L-thyroxine  (sodium 
ppntahydrate) ;  T3Prop.,  3,5,3'-tniodothyropropionic  acid;  T3Acetic,  3,o,3'-triiodothj'- 
roacetic  acid;  T4Prop.,  3,5,3'5'-tetraiodothyropropionic  acid;  Sol.  Tliyroglob.,  Soluble 
thyroglobulin  (hog). 

thiouracil.  It  is  interesting  to  note  that  the  X-intercept  doses  in  the  normal 
diet  column  show  that  only  triiodothyronine  (T3)  was  more  potent  than 
thyroxine  (T4).  However,  in  the  thiouracil  diet  column  similar  comparison 
of  doses  indicates  that  the  triiodinated  acetic  and  propionic  acids  (Triac, 
Triprop)  as  well  as  triiodothyronine  were  more  potent  than  thyroxine. 
Thus,  T3  was  about  eight  times  more  potent  than  T4  in  rats  on  normal  diet, 
as  previously  reported  (12),  but  was  nearly  fifty  times  more  potent  in  rats 
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receiving  thiouracil.  Triprop  and  Triac,  although  only  10  and  20%  as  po¬ 
tent  as  T4  in  normally  fed  rats,  were  nearly  twice  as  activ  e  as  T4  in  the  thi- 
ouracilized  animals. 

From  the  last  column  of  Table  2  it  will  be  noted  that  thyroxine  is  the 
least  effective  compound.  It  has  iodine  in  the  3,5,3' and  5'  positions  and  an 
amino  group  in  the  side  chain.  In  the  group  .showing  intermediate  eft’ectiv’e- 
ness,  triiodothyronine  has  an  amino  group  but  lacks  iodine  in  the  5'  posi¬ 
tion,  while  the  tetraiodothyroacetic  and  propionic  acids  have  a  full  comple¬ 
ment  of  iodine  but  no  amino  group.  Thyroglobulin  is  in  the  intermediate 
group  probably  as  a  result  of  its  triiodothyronine  content  which,  according 
to  Mandl  and  Block  (15),  amounts  to  about  33%  of  the  thyronine-bound 
iodine  content  (the  remaining  ()7%  is  primarily  in  the  form  of  thyroxine). 
On  the  basis  of  a  thyroxine-triiodothyronine  content  in  2:1  ratio,  thyro¬ 
globulin  would  be  expected  to  have  a  relativ’e  effectivene.ss  of  about  20% 
in  thiouracilized  rats.  The  compounds  which  were  the  most  effective  (3,5,3'- 


Tabi.e  2.  The  caeokigexic  activities  he  vakiocs  thyroxine  axaeogces  in  rats 

MAINTAINED  ON  NORMAL  OR  THIOl  RACU.-CONTAIMNG  DIETS 

A’-intercei>t  dose,  normal  diet 

(relative  EKKECTIVENESS  = - -  -  X  100) 

A’-intercei>t  Dose,  thio.  diet 


Preparation 


L-Thyroxine  (aodiuin  pentahydrate) 
3.5,3',.'>'-tetraiodotliyroacetie  acid 
Soluble  thyroKlobulin  (hoR)' 
3,5,3',5'-tetraiodotliyropropionic  acid 
3,5,3'-triiodo-L-thyronine 
3,.5,3'-triiodothyroacetic  acid 
3,5,3'-triiodothyropropionic  acid 


Average  X-intercept  dose 

8“  i 

1  Normal  diet  | 

Thiouracil  diet" 

effectiveness 

1  No.  of 
assays 

X  ±  S.K. 

No.  of 
assays 

X±S.E. 

thiouracil 

6 

1.8  ±0.7 

3 

26.0  ±10.0 

7 

6 

18.9  +2.5 

1 

65.2 

29 

1 

191.9 

1 

595.4  1 

32 

1 

38.0 

1 

96.7  f 

39 

4 

0.23±0.03 

3 

0..54±  0.24 

43 

;  2 

11.4  ±2.7 

1  2 

15.4  ±  2.4 

1  74 

1  “ 

18.2  ±1.5 

2 

14.3  ±  5.3 

127 

*  Calculated  iiiaxiiiiiim  mr.  prep.  OOO  riii.  B.  VVt./day/5-9  days,  subeutaneously,  which  will  not  siRnihcantly  in- 
ercHst'  the  oxygen  consumption  of  3(X>-370  gm.  male  rats. 

“  Thiouracil  (0.1%)  in  diet  ted  for  7-9  weeks  before  and  during  administration  of  compounds. 

*  Soluble  thyroglobulin:  0.77%  total  iodine;  0.21%  thyronine-bound  iodine  (Blau,  1935). 


triiodothyroacetic  acid  and  3,5,3'-triiodothyropropionic  acid)  lack  iodine 
in  the  5'  position  and  an  amino  group  in  the  side  chain. 

It  is  generally  accepted  that  the  lack  of  iodine  in  the  5'  position  of  tri¬ 
iodothyronine  imparts  to  this  compound  a  special  capacity  for  cellular 
penetration.  Furthermore,  the  work  of  Gross  (Ki)  suggests  that  triiodo¬ 
thyronine  (formed  by  deiodination  of  circulating  thyroxine)  is  the  sub- 
.stance  which  enters  the  cells  and  exerts  the  peripheral  thyroid  effect.  How¬ 
ever,  our  results  indicate  that  in  thiouracilized  rats,  triiodothyronine  was 
very  markedly  prevented  from  exerting  its  effects  on  BMR  (Table  2)  ev^en 
though  it  was  far  more  effective  than  thyroxine.  In  contrast,  the  activities 
of  the  triiodothyroacetic  and  propionic  acids,  which  may  be  regarded  as 
deaminated  analogues  of  triiodothyronine,  appeared  to  be  essentially  un¬ 
affected  by  thiouracil.  Crispell  et  nl.  (17)  have  stated  that  thyroxine  ana- 
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logues  possessing  amino,  carboxyl  and  phenolic  groups  compete  with  thy¬ 
roxine  for  TBP  binding  sites  and  that  the  absence  of  any  one  of  these 
groups  markedly  reduces  the  binding  affinity.  Thus,  it  appears  conceivable 
that  a  deaminated  side  chain  and  lack  of  iodine  in  tlie  o'  position  afford  the 
optimal  combination  for  calorigenic  effectiveness  of  circulating  thyroxine 
analogues  in  thiouracilized  rats. 

Influence  of  thiouraeil  on  the  actions  of  L-thijroxine  (n-7’4)  and  3,5,3' -triiodo- 
thyropropionic  acid  (TJ*)  in  nortnal  and  thyroidectomized  rats: 

As  shown  above,  the  feeding  of  a  diet  containing  thiouraeil  for  seven  to 
nine  weeks  did  not  produce,  in  intact  rats,  hypometabolic  conditions  similar 
to  those  expected  after  surgical  thyroidectomy,  as  judged  by  the  BMP 
before  and  after  injection  of  calorigenic  agents.  Consequently,  an  experi¬ 
ment  was  designed  to  re-test  l-T4,  the  least  effective  compound,  and  T8P, 
which  was  fully  effective  (Table  2),  in  thyroidectomized  and  intact  animals 
with  and  without  concomitant  thiouraeil  feeding. 

A  total  of  so  youiiff  adult  male  rats  weisliiiif!;  280-320  Kin.  eaoh  were  used.  Thirty 
were  left  intact  and  oO  were  thyroideetoinizc'd  and  fed  powdered  rat  diet,  containiiiK 
1.0%  calcium  Klaronatc',  ad  libitum,  .\fter  surKcry,  the  usual  outward  signs  appeared, 
i.e.,  loss  of  weight,  lowered  activity,  evidence  of  lice  and  some  mortality.  Four  to  five 
weeks  after  operation,  the  36  survivors  and  30  intact  males  were  placed  in  a  special 
feeding  apjiaratus  for  training  on  the  daily  fasting  regimen.  Half  the  rats  in  each  group 
were  fed  diets  containing  thiouraeil  (0.1%)  and  calcium  gluconate  (1.0%)  while  the 
other  half  received  diet  containing  only  calcium  gluconate  (1.0%).  These  diets  were  con¬ 
tinued  until  the  end  of  the  experiment.  BMR  standardization  tests  were  started  12-13 
weeks  after  operation  (8  weeks  after  institution  of  special  diets).  On  the  basis  of  8  daily 
R.MR  tests  12  rats  from  eaidi  of  the  4  exi)erim(>ntal  groups  were  cho.sen  and  run  in  the 
final  standardization  series  which  consisted  of  4  consecutive  daily  tests,  as  shown  in 
'I'able  3.  Thyroxine  injections  were  started  simultaneously,  in  all  groups,  at  a  level  cal¬ 
culated  to  produce  R.MR  increases  in  thyroidectomized  but  not  normal  rats. 


TaBI.K  3.  OXYOKN  COXSl  MCTIOX  OK  XORM.AI.  .\NI)  Til YKOIDKCTOMIZEI)  ADUl.T 
MAKE  RATS  AFTER  8  WEEKS  KEEDINO  OF  VARIOUS  DIETS 


Group 

X 

Diet 

.\v.  gm. 

B.  Wt.  +S.E. 

Av.  B.MH* 
mg.tb/Kg./Hr. 
+  S.E. 

Normals 

12 

Powdered  Hat  Diet  containing; 

1 .0%  Calcium  Gluconate 

373  ±12 

1133  ±2!) 

Thyroidectomized 

12 

Powdered  Hat  Diet  containing; 

1 .0%  Calcium  Gluconate 

2i»2  ±  1 1 

1216+38 

Thiouracilized- 

Xormals 

12 

Powdered  Hat  Diet  containing; 

1  .0%  Calcium  Gluconati', 

0.1%  Thiouraeil 

368  ±  7 

1140+3.5 

Thiouracilized- 

Thyroidectomized 

12 

Powdered  Hat  Died  containing; 

1 .0%  Calcium  Ghe  onate, 

0 . 1%  Thiouraeil 

268  ±  10 

ll(57±:iO 

See  footnotes  of  Table  1. 
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As  may  be  seen  from  Table  3,  the  net  effect  of  thyroidectomy  was  ap¬ 
parent  only  in  the  body  weight  comparison  where  the  average  weight  of 
thyroidectomized  animals  was  about  25%  less  than  the  average  weight  of 
intact  rats.  There  were  no  significant  differences  in  oxygen  consumption  as 
a  result  of  thyroidectomy  and  thiouracil  treatment,  separately  or  in  com¬ 
bination.  The  four  groups  appeared  to  be  statistically  random  samples 
from  a  homogeneous  population  with  a  mean  oxygen  consumption  of  1164 
mg.  02/kg/ hr.  and  an  expected  range  of  1088-1240,  at  p  =  0.95,  for  groups 
of  12  rats  each. 

The  absence  of  BAIR  depression  in  the  operated  animals  may  be  due  to 
the  fact  that  the  oxygen  consumption  of  the  intact  rats  dropped  15  to  20% 
during  the  period  between  operation  and  BMR  standardizations  (compare 
Tables  1  and  3).  On  the  basis  of  experience  with  thyroidectomized  male 
rats,  70-80  days  old  and  weighing  180  gm.,  a  net  reduction  of  about  25% 
in  oxygen  consumption  is  expected  6-8  weeks  after  operation,  as  compared 
with  corresponding  values  in  intact  controls  of  the  same  age.  Therefore,  it 
appears  that  adult  rats  (under  our  maintenance  conditions)  may  reach  an 
athyroid  level  of  metabolism  equivalent  to  that  of  rats  thyroidectomized 
after  reaching  adulthood.  On  the  other  hand,  a  recent  publication  (18) 
shows  a  high  incidence  of  aberrant  thyroid  tissue  in  the  thymus  of  Sprague- 
Dawley  rats.  After  surgical  thyroidectomy  (and  consequent  increased 
TSH  secretion)  such  tissue  may  be  active  enough  to  prevent  the  expected 
effect  of  thyroidectomy  on  BMR.  Although  the  rats  used  in  these  studies 
were  of  the  Wistar  strain,  there  is  a  possibility  that  aberrant  thyroid  tissue 
was  present  in  the  thyroidectomized  groups. 

The  BMR  and  body-weight  changes  resulting  from  gradually  increasing 
thyroxine  doses  are  shown  in  Figure  2.  Percentage  changes  in  the  daily 
BMR  for  each  group  were  calculated  on  the  basis  of  a  pretreatment  value 
of  1164  mg.  02/kg./  hr.  which  was  the  pretreatment  mean  value  for  the  48 
rats;  zero  percent  in  Figure  2  corresponds  to  this  level  of  oxygen  consump¬ 
tion.  During  the  first  nineteen  days  of  treatment  the  l-T4  dose  was  in¬ 
creased  from  0.5  to  2.0  ^ug./ 100  gm./day.  The  intact  thiouracilized  rats 
responded  like  the  normals,  except  for  BMR  increases  of  borderline  signifi¬ 
cance  at  the  1.0  mK-  dose  level  (Figure  2).  On  the  other  hand,  both  thyroid¬ 
ectomized  groups  responded  significantly  to  l-T4,  during  the  first  14  days, 
at  dose  levels  in  the  range  of  those  shown  by  Kroc  and  Stasilli  (19)  to  be  re¬ 
quired  to  produce  similar  BMR  changes  in  rats  thyroidectomized  at  an 
earlier  age.  Of  particular  interest  is  the  fact  that  the  thyroidectomized  rats 
returned  to  pretreatment  metabolic  levels  in  spite  of  continued  and  in¬ 
creasing  thyroxine  dosage  between  the  15th  and  19th  days.  It  will  be  seen 
that  these  rats  gained  an  av'erage  of  32  gm.  in  body  weight  by  the  19th  daj'. 
It  appears  that  the  rapid  weight  gains  may  indicate  a  return  to  an  essen¬ 
tially  normal  metabolic  state.  By  the  15th  day  the  BMR  of  these  rats  re¬ 
turned  to  pretreatment  levels  in  spite  of  continued  and  higher  daily  dose  of 
thyroxine.  This  phenomenon  seems  to  be  in  agreement  with  the  long  as- 
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Fig.  2.  Effects  of  graded  daily  doses  of  h-thyrojcine  {L-Ti)  and  3,o,3'-triiodothyro- 
propionic  acid  (TSProp.)  onBMR  and  body  weight  of  adult  male  rats:  numerals  within 
or  just  above  dosage  bars  indicate  Mg-/100  gm.  body  weight/day. 
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ymptote  found  in  the  response  curves  of  thyroidectomized  rats  at  physio¬ 
logical  dose  levels  (19).  The  HAIR  in  each  group  reached  its  lowest  level 
during  the  period  when  all  rats  were  receiving  2.0  /xg.  of  l-T4  per  100  gm. 

/  day.  The  agreement  between  the  do.se  at  this  point  in  the  HAIR  curves  (at 
the  20th  day)  and  the  dose  generally  considered  to  be  the  l-T4  mainte¬ 
nance  dose  for  rats  in  goiter-prevention  assays  is  important.  Sub.sequently 
higher  dose  levels  were  administered  and,  as  expected,  higher  BAIR  values 
resulted. 

Figure  2  also  shows  that  in  the  presence  of  thiouracil,  about  eight  times 
as  much  thyroxine  was  required  as  without  thiouracil  to  induce  an  average 
HAIR  increase  of  about  30%.  This  agrees  with  the  re.'^ults  of  the  more  acute 
assays  listed  in  Table  2.  At  these  dose  levels  the  body  weights  in  the  thio- 
uracilized  groups  were  much  more  resistant  to  the  catabolic  effects  of  thy¬ 
roxine. 

When  T3P  was  substituted  for  l-T4,  in  calorigenically  equivalent  do.ses 
(40  and  SO  fxg.),  no  change  in  BAIR  was  seen  in  the  non-thiouracilized 
groups.  However,  similar  .substitution  in  the  thiouracilized  groups  (32  /xg. 
L-T4  substituted  by  320  mK-  T3P)  produced  highly  significant  increases  in 
BAIR  and  decreases  in  body  weight.  These  results  support  the  earlier  ob- 
.‘^ervation  (Table  2)  that  unlike  l-T4,  T3P  is  as  active  in  thiouracilized  rats 
as  in  animals  on  normal  diet.  Further  support  for  this  finding  is  shown  by 
the  identical  response  of  the  intact  non-thiouracilized  group  to  320  )ug.  T3P. 

After  the  highest  T3P  dose  in  each  group  a  common  dose  of  40  /ug.  was 
substituted  and  responses  were  recorded  for  several  days.  In  each  group 
this  do.se  appeared  to  be  gradually  cumulative.  In  the  three  days  following 
the  la.st  injection,  the  BAIR  returned  to  Day  0  levels  and  significant  in- 
crea.ses  in  body  weight  were  observed. 

Goiter-prevention  aetivities  of  feces  from  thyroxine-treated  rats  fed  plain  or 
thionraeil-containing  diets: 

During  the  last  .seven  days  of  the  ten-day  period  (Fig.  2,  Days  45-55), 
when  daily  l-T4  doses  were  constant  and  the  average  BAIR  had  plateaued, 
the  feces  were  sav  ed  as  indicated.  The  cumulativ  e  daily  collections  for  each 
group  were  stored  separatel}"  in  a  refrigerator  prior  to  goiter-prev’ention 
activity  assay.  Pertinent  data  on  body  weight,  l-T4  dose  levels,  BAIR 
levels,  and  feces  dry  weight  for  the  collection  period  are  listed  in  Table  4. 
Preliminary  te.sts  with  small  samples  indicated  that  the  feces  had  to  be 
combined,  as  shown  in  Table  4,  in  order  to  permit  the  use  of  a  sufficient 
number  of  animals  for  statistical  validity,  in  a  14-day  goiter-prevention 
assay. 

The  two  lots  of  feces  were  dried  and  pulveriz(‘d  through  a  40-mesh  screen  in  an  elec¬ 
tric  mill.  The  feces  from  non-thiouracilized  rats  were  designated  feces  A  and  those  from 
the  thiouracilized  group,  feces  B.  Diets  containing  0.3%  thiouracil  and  two  concentra¬ 
tions  of  feces  or  B  were  fed  to  female  rats,  weighing  160-190  gm.,  for  a  period  of  14 
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Table  4.  Body  weight  and  fecal  excretion  of  intact  and  tiiyroidectomized 

ADI  LT  MALE  RATS  (wiTII  AND  WITHOUT  THIOURACIL  IN  THE  DIET)  Dl’RING 
A  SEVEN  DAY  I'ERIOD  WHEN  DAILY  DOSES  OF  THYROXINE  WERE  CON¬ 
STANT  AND  THE  BMR  HAD  I’LATEAL'ED* 


j 

i 

Group  ] 

No.  of 
rats  , 

Av.  ( 
gm.  1 
bodv  ; 
wt. 

Axg.  thyroxine  per  day  | 
eubeu*.  | 

Av.  %  BMR  increase 

Dry  weight^  (gm.)  of 
collected  feces 

Per  1 

.  \v/  1 

(till.  .\v.,rat  -y',  i 
bodv 
wt. 

Per  groups 

Test - 

Days  Av.  Av. 

±S.K.  +S.F. 

Total  tor  ^ 

creted 

Sepa-  Com- 
rate  bined  P*  ^ 

Intact 

12 

.3:i8 

4  13.521  „e 

5  28+1' 

4611  ,„.<.l 

Thyroidcotomizod 

12 

2'.>6 

8  23.68/ 

5  36+1, 

1  447}  WS] 

Intact-Thiouracil  Diet 

1  12 

343 

1  32  109.76! 

5  25  +  21 

1  446)  f 

Thvroidpctomizod- 

.  103.5' 

i  i  24+1' 

1  8501 

Thiouraeil  Diet 

1  12 

304 

1  32  97.28] 

1  5  23±lj 

!  404 J  ) 

*  Fipure  2  and  text. 

"  Feces  dried  for  6  hours  at  45°  C  lost  an  average  of  30%  moisture. 

®  Values  to  be  used  for  comparative  goiter-prevention  assay  results  with  feces  (Table  5  and  text). 


(lays,  ad  libitum.  Three  control  groups  were  also  employed:  one  received  only  0.8% 
thioiiraeil  in  the  diet;  another  reeeiv('d  a  diet  containing  0.3%  thiouraeil  and  20%  dried 
powdered  feces  obtained  from  normal  adult  male  rats;  and  the  third  group  (normal 
female  controls)  received  normal  iiowdered  rat  diet.  A  reference  curve  for  determining 
the  thyroxine-like  activities  of  the  feces  was  obtaiiu'd  by  feeding  additional  groups  of 
female  rats  0.3%  thiouraeil  diets  containing  three  concentrations  of  thyroxine  (Table 
2).  The  thyroxine  was  added  to  the  diet  in  the  form  of  an  alcoholic  solution.  This  was 
followed  by  drying  and  mixing.  .\t  the  end  of  14  days  on  this  fei'ding  regimen,  the  rats 
were  asphyxiated  with  C02  and  their  thyroids  weighed.  The  results  (Table  n)  were 
analyzed  in  the  manner  described  by  Stasilli  et  al.  (12,  20). 


Table  5.  Goiter-prevention  assay  of  feces  obtained  from  thiouracilized 

AND  NON-THIOURACILIZED  ADULT  MALE  RATS  RECEIVING  THYROXINE 
SUBCUTANEOUSLY.  HeFER  TO  TABLE  4  AND  FIGURE  2 


Bioassay  diet 
group 

Percentage  concentrations  in  | 

diet  for  14  days'* 

No.  of 

Average  thyroid 
gland  weight 
mg. /1 00  gm. 

B.  Wt.  +S.F. 

Tliiouracil  Feet's  Thyroxine  j 

Thiouraeil  Control  | 

0.3  0  0  ! 

i 

19.7±0.8 

Normal  Feces* 

0.3  20.00  0  j 

i 

19.1  ±2.4 

..  dose  1*’ 

A -dose  2 

0.3  13.33  0 

!  0.3  20.00  0 

10  1 

13  1 

18.7+0.7 

12.6+0.7 

_ _  B  -  (lose  1' 

i  0.3  13.33  0 

1  0.3  20.00  0 

10 

1  13 

10.5+0.7 

6.0  ±0.3 

L-Thvroxine 

;irr: 

0.3  0  0.000080 
0.3  0  0.000120 
0.3  0  0.000180 

1 

0 

1  10 

11.4  +0.7 

10.0  ±1  .0 

6.3  ±0.4 

Normal  Controls 

j  0  0  0 

1  ^ 

6.0  ±0.7 

*  Control  feces:  from  intact,  untreated,  normal  adult  male  rats. 

h  Feces  combiiu'd  7  day  excrement  of  12  intact  and  12  tiiyroidectomized  adult  male  rats 
eating  powdered  normal  rat  diet  and  rec(*iving  an  average  daily  subcutaneous  injection  of 
18.6  Mg.  thyroxine  per  rat.  See  Table  4. 

'  Feces  H:  same  as  fe((‘s  excejit  rats  were  eating  diet  containing  0.1%  thiouraeil  14 
weeks  prior  to  and  during  daily  subcutaneous  injections  of  thyroxine  averaging  10:1..')  Mg- 
per  rat.  Si'e  Table  4. 

The  ten  groups  of  female  rats  ate  an  avi'rage  of  11.5  gm. /rat /day  of  the  various  diets 
(range  for  groups:  10.4-13.5  gm./rat/day). 
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From  the  data  in  liable  o  it  was  possible  to  calculate  three  curves  with 
a  common  slope  where  the  dose,  X,  represents  the  percentage  concentra¬ 
tion  of  feces  or  thyroxine  in  the  diet  and  the  response,  Y,  is  the  relative 
thyroid  weight.  From  these  curves  the  minimal  doses  necessary  to  main¬ 
tain  normal  thyroid  weights  were  derived.  The  equivalent  dietary  concen¬ 
trations  were:  for  feces  A,  48.5%;  feces  B,  21.0%;  l-T4,  0.000178%.  On 
the  basis  of  the  average  daily  food  consumption  of  11.5  gm./  rat/day,  it  was 
concluded  that  the  biologically  equivalent  daily  oral  doses  per  rat  were 
5.6  gm.  feces  A,  2.4  gm.  feces  B  and  19.9  /xg.  l-T4.  The  average  daily  fecal 
excretion  of  the  A  and  B  donors  was  5.2  gm. /rat  (Table  4)  and  during  the 
collection  period  the  A  donors  were  receiving  18.6  mS-  L-T4/rat/day,  sub¬ 
cutaneously,  while  the  B  donors  required  108.5  rat/day  to  maintain 
the  same  level  of  BMK  stimulation.  Therefore,  the  A  donors,  receiving 
normal  diet,  were  excreting  the  equivalent  of  18.5  ng.  l-T4  rat/day, 
[(5.2  5.6)  X  19.9  /xg.],  while  the  B  donors,  receiving  thiouracil  in  their  diet, 
were  excreting  the  equivalent  of  48.1  /xg.  L-T4/rat/day,  [(5. 2/2. 4)  X  19.9 
MK-]- 

The  difference  between  the  thyroxine-like  activities  of  feces  A  and  B  was 
statistically  significant  at  P  =  0.01.  The  rats  which  were  under  the  influ¬ 
ence  of  thiouracil  required  about  six  times  as  much  l-T4  to  maintain  similar 
levels  of  increased  oxygen  consumption  as  did  the  rats  eating  normal  diet. 
However,  during  the  period  of  equivalent  metabolic  .stimulation,  the  thio- 
uracilized  rats  were  excreting  in  their  feces  slightly  more  than  two  times  as 
much  thyroxine-like  activity  as  the  non-thiouracil  group.  It  appears  that 
the  rats  fed  a  normal  diet  excreted  material(s)  with  activity  equivalent  to 
99%  of  the  injected  do.se  while  their  thiouracilized  counterparts  excreted 
the  equivalent  of  42%  of  the  injected  dose.  No  conclusions  can  be  drawn 
regarding  the  .significantly  different  biological  activities  of  the  feces,  be- 
cau.se  the  nature  of  the  thyroxine-like  excretion  products  was  not  deter¬ 
mined.  However,  in  view  of  published  reports  of  experiments  concerned 
with  the  fate  of  radioactive  thyroxine  and  triiodothyronine  in  normal, 
hypo-  and  hyperthyroid  rats,  and  the  results  of  our  own  studies,  certain 
inferences  may  be  considered. 

In  addition  to  the  inhibition  of  thyroid  hormone  synthesis,  thiouracil 
and  related  goitrogens  apparently  alter  the  rate  of  degradation  and  excre¬ 
tion  of  thyroxine  in  the  rat,  but  the  mechanism  of  this  action  is  obscure  and 
the  evidence  is  somewhat  contradictory.  Thus,  Kalant,  Lee  and  Sellers 
(7)  ob.served  that  the  thyroid  glands  of  propylthiouracil  (PTU)  treated 
rats  trapped  “appreciable”  amounts  of  injected  radioactive  thyroxine  and 
triiodothyronine  while  the  glands  of  normal  rats  showed  radioactivity 
“almost  exclusively”  in  the  inorganic  iodide  fraction.  Hogness,  Wong  and 
Williams  (6)  and  VanArsdel  and  Williams  (10)  found  that  PTU  treatment 
cau.sed  an  abnormal  increase  in  the  fecal  excretion  of  radioactivity  in  rats 
injected  with  labeled  thyroxine  and  triiodothyronine.  The  latter  study 
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(10)  suggested  that  PTU  inhibited  hormonal  degradation  “as  represented 
by  the  low  level  of  TCA-soluble  (nonhormonal)  radioactivity  in  the  blood 
and  by  the  smaller  amounts  of  radioactivity  excreted  in  the  urine.”  Fur¬ 
thermore,  the  inhibited  degradation  of  these  analogues  “seemed  to  be  spe¬ 
cific  for  the  thiourea  derivative  since  potassium  perchlorate  did  not  alter 
the  rate  of  release  of  P*'  from  the  labeled  hormones  to  a  TCA-soluble  form” 
(10).  In  contrast  to  evidence  for  inhibition  of  hormone  degradation,  the 
studies  of  Ingbar  and  Freinkel  (21)  in  patients  with  Craves’  di.sease  led 
these  investigators  to  speculate  that  thyroid  glands  blocked  by  chronic 
goitrogen  therapy  may  contribute  to  the  degradation  of  thyroxine  by 
secreting  a  product  which  stimulates  peripheral  deiodination,  or  by  trap¬ 
ping  and  degrading  the  hormone  within  the  blocked  gland. 

The  decreased  calorigenic  effectiveness  of  thyroxine  in  thiouracilized 
rats  suggests  that  the  goitrogen  may  have  inhibited  the  typical  peripheral 
action  and/or  degradation  of  the  injected  hormone.  At  comparable  levels 
of  metabolic  .stimulation  we  observed  that  the  excretion  of  thyroxine-like 
activities  in  the  feces,  relative  to  the  injected  doses,  was  far  less  in  the 
goitrogen-treated  rats.  In  contrast,  other  publications  (b,  10)  indicate  that 
goitrogens  increased  the  fecal  excretion  of  hormone.  This  apparent  dis¬ 
crepancy  in  the  fecal  excretion  rates  may  be  related  to  the  difference  in 
hormonal  dose  levels  employed,  e.g.,  physiologic  levels  in  the  radioactivity 
studies  ver.sus  pharmacologic  lev’els  in  our  studies.  However,  in  neither 
case  was  the  nature  of  the  excretion  product (s)  defined.  It  would  be  of 
interest  to  know  how  much  of  the  radioactivity  or  biologic  activity  excreted 
in  the  feces  was  due  to  unchanged  thyroxine,  thyroxine  glucuronide,  lesser 
active  degradation  products  of  thyroxine  and  perhaps  even  triiodothyro¬ 
nine  which,  according  to  (Iro.ss  (10),  may  be  found  in  the  feces  after  the 
administration  of  exogenous  thyroxine. 

Among  other  variables  which  may  have  influenced  the  results  reported 
here  are  the  enterohepatic  circulation  of  thyroxine  and  other  analogues  as 
well  as  the  known  effects  of  thiouracil  on  intestinal  flora  and  adrenals.  The 
work  of  Taurog  el  al.  (22)  .showed  that  as  much  as  75%  of  the  radioactivity 
contained  in  an  exogenous  dose  of  thyroxine  (ca.  80  /xg.)  was  excreted  pri¬ 
marily  as  intact  hormone  in  the  feces  of  normal  rats  in  48  hours.  The  rela¬ 
tively  small  amount  of  thyroxine  glucuronide  (T4-U)  resulting  from  this 
dose  was  either  reabsorbed  in  the  small  intestine  or  hydrolyzed  by  bacteria 
in  the  large  intestine  with  release  of  free  thyroxine.  Therefore,  no  T4-U  was 
found  in  the  feces.  Our  rats,  fed  normal  diet,  were  maintained  at  a  level  of 
52%  BMR  increase  with  18.6  /xg.  thyroxine  per  day  (Table  4)  and  appeared 
to  be  excreting,  in  the  feces,  99%  of  the  daily  do.se.  The  latter  rate  appears 
to  be  considerably  higher  than  that  indicated  by  Taurog  et  al.  (22)  and 
could  have  been  due  to  a  trace  of  triiodothyronine  resulting  from  the  degra¬ 
dation  of  thyroxine  and  excreted  in  the  feces  (10).  An  excretion  of  only  1 
/xg.  of  triiodothyronine  per  day  would  account  for  the  discrepancy.  A  plan- 
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sihle  explanation  for  the  relatively  lower  rate  of  th\  roxine-like  fecal  excre¬ 
tion  (42%  of  the  injected  thyroxine  activity)  in  the  thiouracilized  rats  is 
not  possible  at  present.  The  results  of  Taurog  el  al.  (22)  would  appear  to 
eliminate  the  possibility  that  the  feces  of  goitrogen-treated  rats  contained 
relatively  large  amounts  of  biologically  inactive  T4-U.  However,  the  na¬ 
ture  of  the  excretion  products  in  thiouracil  treated  rats  receiving  thyroxine 
appears  not  to  be  established  according  to  our  knowledge  of  the  literature. 
Perhaps  altered  liver  metabolism  produced  by  thiouracil  may  have  in¬ 
creased  T4-U  secretion  which  might  escape  subsequent  hydrolyses  in  the 
large  intestine  (22,  23).  Recently,  Flock  and  Bollman  (24)  have  ob.served 
that  congenitally  jaundiced  (Junn  strain  rats  did  not  conjugate  thyroxine 
and  triiodothyronine  with  glucuronide,  whereas  glucuronide  formation  of 
the  3,o,3'-triiodinated  acetic  and  propionic  acid  analogues  was  normal. 
Alteration  of  liver  metabolism  produced  by  chronic  thiouracil  treatment 
in  our  studies  might  explain  the  drastic  reduction  of  calorigenic  activity  of 
thyroxine  and  other  analogues  in  such  rats  as  compared  to  the  unaltered 
effectivene.ss  of  the  3,5,3'-triiodothyroacetic  and  propionic  acids. 

Alternatively,  the  lower  percentage  excretion  of  thyroxine-like  activity 
in  the  thiouracilized  groups  may  be  related  to  the  observations  of  Ingbar 
and  Freinkel  (21)  which  .suggest  that  the  goitrogen  may  increase  peripheral 
deiodination  of  thyroxine  and,  as  also  suggested  by  Kalant,  Lee  and  Sellers 
(7),  that  thyroid  glands  under  the  influence  of  goitrogen  may  trap  exoge¬ 
nous  thyroxine.  A  combination  of  such  actions  could  result  in  relatively 
higher  proportions  of  excretion  products  with  little  or  no  thyroxine-like 
activity  in  thiouracilized  rats  as  compared  to  .similarly  treated  rats  fed 
normal  diet. 

That  thiouracil  inhibits  the  adrenals  has  been  suggested  by  Money  (S), 
and  the  direct  effect  of  this  goitrogen  on  these  glands  was  demonstrated  by 
Zarrow  el  al.  (11).  Direct  physiological  relationship  between  thyroid  and 
adrenal  activities  are  indicated  by  numerous  reports,  e.g.,  Menof  (2o), 
Swanson  (20)  and  Akerman  and  Arons  (27).  Conseciuently,  it  is  conceivable 
that  in  our  studies,  the  observed  differences  between  the  calorigenic  re¬ 
sponses  of  normal  and  chronically  thiouracilized  rats  to  the  various  ana¬ 
logues  may  have  been  influenced  by  altered  adrenal  function  in  the  pre.s- 
ence  of  thiouracil. 
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INCRKASEl)  MITOTIC  ACTIVITY  IX  THE  GLANDULAR  STOMACH 
OF  THE  RAT  FOLLOWING  HYPOPH YSECTOMY 
ABSTRACT 

Eight  Sprague- Da wley  rat»s  were  hypoi)hyseetoniize(i  at  40  gm.;  one  was  siiam- 
operated.  Sixteen  days  afterwards,  4  of  the  hypophyseetomized  animals  were  in- 
jeeted  with  STH  (Somar,  Armour),  20  /ug.  daily  for  5  days.  At  this  time,  these  ani¬ 
mats  and  also  normal  controls  were  labeled  with  50  (ic.  thymidine  ID  and  sacrificed 
24  hrs.  later.  Integrated  autoradiographs  coated  with  licpiid  NTIP  emulsion  were 
exposed  for  3  montlis.  The  number  of  positive  cells  in  the  glandular  stomach  was 
twice  as  large  in  the  hypophyseetomized  group  as  compared  to  the  controls  and 
sham-operated.  The  growth  hormone  treated  animals  were  comparable  to  the  non- 
treated.  The  ID  autoradiographic  record  was  largely  localized  in  all  cases  to  the 
isthmus  of  the  gastric  glands. 

The  cla.ssical  work  of  Leblond  and  Stevens  (1,2)  has  revealed  u  very  fast  renewal  of 
the  gastric  and  intestinal  epithelium.  Hypophysectomy  reduces  the  mitotic  rate  in  the 
intestinal  mucosa  (3);  growth  hormone  restores  it  to  normal  (3).  The  effect  of  hypo- 
ph\'scctom\'  on  the  mitotic  rate  of  the  stomach  is  still  unknown.  On  the  other  hand, 
functional  (4,  5)  and  structural  (b,  7,  S,  9)  defects  have  been  produced  by  this  operation. 
The  present  autoradiographic  study  is  an  attempt  to  observe  the  mitotic  behavior  of  the 
glandular  and  non-glandular  stomach  in  the  absence  of  pituitary  stimulation.  It  is  based 
on  the  facts  that  H®  labeled  thymidine  is  specifically  incorporated  into  DN.V  during  pre¬ 
prophase  (10)  and  that  this  nucleic  acid  is  retained  after  routine  histological  procedure 
(11). 


M.\TERIALS  .\ND  METHODS 

Included  in  the  present  study  were  8  Sprague-Dawlej'  male  rats  hypophyseetomized  at 
40  gm.,  one  sham-operated  animal  and  3  controls.  Sixteen  days  after  hypophysectomy,  four 
of  the  operated  rats  were  injected  with  20  jug.  of  growth  hormone  (Somar,  Armour,  Lot. 
No.  R50109)  for  5  days,  .\fter  this  treatment  the  controls  and  the  sham-operated  were 
labeled  with  50  mc.  ID  thymidine  (subcutaneous)  and  sacrificed  24  hrs.  later. 

The  tissues  were  fixed  in  acetic-formaldehyde-ethanol  (1:4:15),  and  cut  at  10  /u  in  para¬ 
ffin.  Integrated  autoradiographs  (12)  of  H  and  E  stained  and  unstained  sections  were  pre¬ 
pared,  utilizing  liquid  NTID  emulsion  (Eastman  Kodak). 

Counts  of  H*  positive  cells  were  made  at  X400  over  circular  fields  with  an  area  of  0.1017 
mm.*. 


OBSERVATIONS 

In  the  fore-stomach,  the  H^  positive  cells  were  localized  in  the  stratum  germinativum. 
The  counts  showed  a  20%  decrease  two  weeks  after  hypophysectomy  and  a  slight  (10%) 
increase  after  o  days  of  growth  hormone  treatment  (Table  1). 

In  the  fundus  of  controls  and  sham-operated  animals,  labeled  cells  were  limited  to 
the  area  of  the  isthmus  of  the  glands  (Fig.  1).  In  the  hypophtsectomized  (Fig.  2)  and 
growth  hormone  treated  rats,  they  were  more  widespread.  The  counts  in  controls,  (Table 


Table 

1.  H* 

THYMIDINE- 

•LABELED  CELLS 

PER  FIELD 

(0.1  MM, 

.*) 

Groups 

Fore-stomach 

Fundus 

Rats 

Field 

ID-b  Cells 

Rats 

Fields 

ID-h  Cells 

Controls 

3 

30 

13.2  (  ±0.00) 

3 

30 

24.0  (+0.12) 

Sham  operated 

1 

10 

28.4 

Hypophyseetomized 

3 

30 

10.5  (±0.00) 

4 

40 

53.0  (  ±0.0) 

Growth  hormone 

4 

40 

11 .7  (  ±0.27) 

4 

40 

52.9  (±0.1) 
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Fig.  1.  Fundus,  control.  Integrated  prt'-stained  autoradiograph,  X155. 

Fkj.  2.  Fundus.  liypoi)liyseetoinized  rat.  Integrated  pre-stained  autoradiograph,  XI*V>. 

1)  revealed  ai)i)roxiinately  twice  as  many  positive  cells  in  this  area  as  compared  to 
the  fore-stomach.  On  the  other  hand,  both  hyimphysectomized  and  growth  hormone 
treated  rats  and  about  twice'  as  many  n-’  jeositive  cells  in  tlu'  fundus  as  compared  to  tlu' 
controls  ;ind  sham-operated. 

When  observed  against  an  H  and  H  baekground.  tin*  H’  positive  cells  apjeeared  to 
have  been  distributed  at  random  over  a  wielo  jeortion  of  the  gland  (Fig.  2).  Howevc'r. 
when  the  autoradiograiehic  n'cord  was  compart'd  to  a  P.\S  staiiu'd  se't'tion,  it  became 
('vident  that  most  of  the  H’  jnesitive  cells  were  located  above  the  mucous  neck  cells  and 
('onseqiu'iitly  belonged  to  an  ('longate'd  isthmus,  the  ('ells  of  which  had  maintained  tlu'ir 
mitotic  potential  (2). 

It  was  already  known  that  in  the  abseiu'e  of  a  sufficient  pituitary  stimulation,  the 
))epsinog('ni('  and  acidogenic  cells  of  the  glandular  stomach  undergo  secretory  atro])hy 
(4.  5,  (i.  7.  S.  9).  It  now  appears  that  this  condition  is  accomjianic'd  by  hypertrophy  of  the 
isthmus  with  increasc'd  karyokinesis. 
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THE  A(  (  r.MFFATlOX  OF  FFIOROPORATE  lOXS  IX 
THYROID  (JFAXI)S  OF  RATS' 

ABSTHAC'T 

The  distrilxition  of  fliiorohoratc  ions  in  rats  was  investigated  using  F"*  as  tracer. 

It  was  found  that  this  ion  iieeumulatcs  specifically  in  the  thyroid  gland,  showing  a 
behavior  similar  to  iodide  ions.  Perchlorate  and  iodide  ions  were  found  to  interfere 
with  (luorohorate  uptake.  The  results  corroborate*  fornii'r  assumptions  on  the  mode 
of  ai-tion  of  perchlorate  and  its  isoelectronic  ions  on  the  iodide  tra])ping  nu'chanism 
of  th(>  gland. 

The  etTeet  of  fliiorohoratc  ions  (BF4“)  on  the  iodiiu*  uptake  in  the  thyroid  gland  of 
rats  was  found  similar  to  that  of  i)erchlorate(('l()4~).  f'l()4“  ions  w  're  shown  to  accumu¬ 
late  in  the  thyroiel  to  a  higher  extent  than  in  other  ti-sues(2).  The*  thyroid  blood  con¬ 
centration  gradients  of  ('1()4~  attained  at  dos(>s  of  .5-20  mg.  KClOi  were  comparahh*  to 
th"'  graelients  found  for  l~  at  the  same  doses;  howevc'r,  these*  value*s  were*  much  lower  than 
tlmse  feir  trace*r  ele)se*s  eef  I“.  The  purpeise*  of  the  i)re*.se*nt  stuely  was  tee  ele*termine'  whethe'r 
the*  analeigy  l)e*twe*e*n  BF4~  anel  (’1()4~  ieuis  may  he*  further  e\te*neh'd,  hy  feillowing  the 
elistrihutiem  eif  BF'  in  variems  ti.ssiu's.  particularly  in  the  thyreiiel  glanel.  .\s  BF'“  ieuis 
lahi*lle*el  with  F'’  are*  available  at  much  higher  specific  activitie's  than  ('P'()4“,  it  hee*ame 
petssihle  te)  inv(*stigate*  their  behavior  at  p".  eloses  anel  tee  comiiare*  it  with  that  eif  1“  ieuis. 
It  shoiilel  be  ke])t  in  niiiiel  that  the  iilasma  ioeline  li*vel  is  also  in  th.e*  /ig.  100  range*. 

METHODS 

('arrie*r-fre*e*  F'*  was  pre*])are*el  by  beuiibareling  targe*ts  eif  FiiCOi'"  (90  95%  (t'*)  by  3.1 
.Mev  preiteuis  in  a  Van  ele*  (Iraaf  ele*e*tre)static  accelerator  (3,  4).  The*  e*arrier-fre*e  F'  ions  we*re' 
e*eiuilil)rateel  with  BF4"  by  isoteipie*  exchange*  in  aciel  solution  (4).  The  labeleel  BF4“  wiis 
then  neeitralize'el  anel  the*  excess  F"*“  was  remeiveel  by  isotopic  dilutieui  with  CaFi.  .\s  the*  rate 
law  e)f  BF4”  — iseitopic  exe*hange*  is  first  oreler  in  HF  anel  in  fre*c  H^  (4),  there  was  iiei 
further  exe*hange*  in  neutral  solutiein.  It  has  bee*n  further  prove*el  that  ne*ither  hyelrolvsis  nor 
isotojiie*  e*xchange*  of  BF4“  take  plae*e*  tei  any  eletectable*  exti*nt  at  37°  C.  in  saline  seibitionat 
pH  =7,  buffere'ei  by  phosphate*  buPer. 

Solutions  eif  KBE,  labele*el  with  F"*  we*re  injecte*el  intraperitoneally  into  adult  rats  (avg. 

Ree*eiveel  Xovember  16,  1959. 

'  This  work  has  been  partially  suppe)rt(*el  by  a  grant  of  the  F'unel  feir  Promotion  eif 
Researeh  from  the  (leneral  Feeleration  of  Fabor  in  Israel. 


Jum>,l!lUO  NOTES  AND  (’O.M.MKNTS  SS9 

\vt.  200  gnu)  at  various  dose  levels.  .M'ter  a  given  interval,  the  rats  were  sacrilieed  and 
various  tissues  removed,  weighed  and  counted  in  a  Xal  well  type  scintillation  count»‘r. 
Special  care  was  taken  to  separate  the  thyroiil  glands  from  the  surrounding  tissues,  as  the 
cartilage  of  traclu'a  was  found  to  accumulate  ions  selectively.  The  e.xtent  of  accumulation 
of  HF4~  in  tissues  was  e.\pressed  in  terms  of  specific  tiss\ie  activity.  Si)ecific  activity  (counts, 
min. /mg.  carrier)  was  calculated  after  normalizing  the  activity  to  a  standard  zero  time,  to 
correct  for  the  radioactive  decay.  Knowing  the  specific  activity  of  the  HFj”"*,  it  is  easy  to 
derive  the  amount  of  BF4~  concentrat<‘d  per  one  gm.  tissue.  The  sjjecitic  activities  of  the 
various  tissues  were  related  to  that  of  hlood  (2);  the  values  presented  in  the  exirerimental 
results  are  relative  specific  activities. 

The  distrihution  of  carrier-free  F~  ions  was  determined  hy  an  atialogous  procedure.  In 
some  experiments  K(M()4  or  Nal  were  added  to  the  injected  f\HF4  labeled  with  F'". 

KK.SULTS  .\NI)  DISCUSSIO.N 

The  distrihution  of  BF4“  in  various  tissues  of  rats  is  j)n'sc‘nted  in  Table  1.  The  dis¬ 
trihution  of  F~  in  a  numlx'r  of  tissut's  was  determined  for  eomi)arison.  Each  value'  is  an 
average'  eef  elete'rminations  in  femr  rats.  It  is  eviele'iit  freein  the'.se  results  that  the'  eenly 
tissue  tliat  ae'e'umulate's  liF4~  tee  an  apjjreciahle  extent  is  the'  tliyreeiel  glanel.  I'lie'  re'sults 
with  F“  ieens  show  that  the  thyreiiel  tissue  has  no  affinity  feer  F  .  The  seU'ctive'  aecunuila- 
tiem  eef  F^  in  tlie  cartilaginous  rings  e)f  the  trachea  is  erf  signifie-ane'e'.  This  rise'  in  ae-tivity, 
whie'h  may  he'  elue'  e'ither  tee  fast  U])take'  eer  tee  iseeteepie  exchange',  sheeulel  he'  ke'])t  in  minel 
whe'ii  following  tlie  heliavieer  eef  F“  in  the  vicinity  of  tlie  thyroiel  glanel. 

I'he'  e'tTeet  erf  liF4~  elose*  een  tlie  eoncentratiem  graelie'iits  of  tliis  iem  in  the'  gland,  as 
we'll  as  its  rate  of  uptake,  is  eh'inonstrate'el  in  Table  2.  It  is  sliown  that  incre'asing  the 
deise  eif  BF4“  from  jug.’s  to  mg.’s  eh'cre'ase's  tlie  ciineentration  graelient  hy  a  factor  of  20 
or  more',  to  value's  well  within  the  range  of  ('l()4“e)r  1“  ceincentratiem  graelieiits  ohse'i  ve'il 
in  the  mg.  range'(2).  On  the  other  liaiiel,  the  HF4~  cemcentratiein  graelient  in  the'  pg. 
range'  is  e'oniiiarahle'  tei  that  attaine'el  with  tracer  eloses  of  1~  in  glanels  teniiiorarily  hloe'ke'd 
hy  propylthiouracil  (1).  The  similarity  hetwe'en  the  hehavieir  of  HF4~  and  1“  ions  is 


T.\bi.e  1.  The  disthibi  tion  of  HF4”  .xxn  F"  in  v.xhioi  s  tissi  es  of  bats* 
(Tissue/hlood  sp.  ai'tivity  ratio) 


1  )ose' 

5  Mg-  KBF4 

5  Mg  KBF4 

5  Mg.  KBF4 

5  Mg.  KBF4 

C.F.tLiF'^ 

Tilin'  after  iujei'tion  (min.) 

40 

(iO 

100 

120 

120 

Tisseu' 

Musi'le 

1  .0:1 

1  .05 

1  .00 

1  . 42 

— 

Liver 

1  .27 

1  .54 

0.00 

1  .24 

0 . 1 5 

Sple'e'ii 

1  .55 

1  .01 

0.85 

1  .05 

— 

Brain 

0.07 

0.25 

0.40 

0.80 

0.21 

Thyroiel 

12.5 

15.7 

21  .0 

50.4 

0.25 

Bone  (Tibia) 

■ — 

— 

— 

— 

1  12.0 

('artilage'  eif  Trachea 

— 

— 

— ■ 

— 

201  .0 

*  Four  rats  pe'r  group, 
t  C.F.  ('arrier-free'. 

Tabi.e  2.  The  AccrMui.ATieeN  of  BF4~  in  thykoids 
(Thyroid ,/hlooel  sp.  activity  ratio) 

OF  HATS* 

Time  after  iiijei'tion  (min.) 

00 

120 

210 

500 

Oose  (/ug.  KBF4) 

5 

12.0 

21  .0 

42.0 

01  .0 

.iO 

— 

13.4 

15.0 

— 

500 

— 

— 

12.0 

— . 

1000 

1.75 

— 

2.5 

— 

5-4-5000  Mg.  KCIO4 

7.1 

— 

— 

— 

5  4-1000  Mg.  Nal 

:i.04 

3.83 

— ■ 

— 

Four  rats  per  group. 
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further  manifested  by  tlie  effeet  of  C'104~  and  1~  ions  on  tlie  IiF4“  accumulation.  These 
results  are  analonous  to  former  findings  ( 1)  on  the  effects  of  C104~  and  ITF4~as  inhibitors 
of  the  iodine  uptake.  .\s  has  been  pointed  out  elsewhere  (2),  thiocyanate  ions  interfere 
with  thyroid  function  by  some  other  mechanism. 

The  similarity  in  the  behavior  of  I~  and  C104~,  which  was  discussed  elsewhere  (2), 
<‘ould  not  be  followed  into  the  range  of  tracer  doses.  The  behavior  of  the  RF4~  ion,  which 
is  isoelectronic  with  C'l()4“,  shows  a  similarity  to  iodide  down  to  the  tracer  level. 

M.  .\NB.\R  .wo  S.  (lUTTM.W.N 

Isotope  Dept. 

The  W'eizmanu  Institute  of  Science 
Rehovoth,  Israel 

Z.  1.EWITUS 

Isotope  Dept. 

Beilinson  Hospital 
Ritach  Tikva,  Israel 

REFERENCES 

1.  .\nb.\k,  .M.,  S.  (1utt.m.\nn  .\xi)  Z.  I.ewitus:  Suture  183:  1917.  1959. 

2.  .\Nn.\K,  M.,  S.  (1ltt.m.\.\.\  .wd  Z.  I.,ewitus:  hit.  J.  .\ppl.  Rad.  Isotopes  7:  87.  1959. 

3.  C.\KLsox,  ('.  H.,  I..  Singer  I).  H.  Service,  .\xi)  \V.  I),  .\rmstroxg:  hit.  J.  .\ppl. 
Rad.  Isotopes  4:  210.  1959. 

4.  .\xr.^r,  M.  .\xi)  S.  (1cttm.\xx:  to  be  published. 


THE  EFFECT  OF  IWRATHYROll)  EXTRAC’T  CRON  TRANSAMINASE 
AC'TIVITY  IN  METAl’HYSEAI.  BONE 

ABSTRACT 

C.’omparisons  were  made  of  the  glutamic-o.xalacetic  transaminase  (OOT)  activity 
of  metaphyseal  segments  of  the  tibias  of  parathyroid-treated  rats  with  those  of 
(•ontrols.  OOT  activity  was  found  to  be  significantly  increased,  in  relation  either  to 
the  dry  weight  of  the  tissue  or  to  its  N-content.  It  is  concluded  that  parathyroid 
hormone  e.xerts  a  marked  influence  on  protein  metabolism  at  the  transaminase  step, 
and  that  this  may  lie  related  to  the  resorption  of  bone. 

Recent  pajters  have  illustrated  a  trend  toward  attributing  the  actions  of  certain 
hormones  to  their  effects  upon  enzyme  activity.  Cavosto  et  al.  (1)  have  suggested  that 
corlisone  increases  gluconeogeiu'sis  by  enhancing  transaminase  processes.  ITosen  et  al. 
(2).  shortly  thereafter,  added  the  proposal  that  the  control  of  hepatic  levels  of  glutamic- 
pyruvic  transaminase  ((IFT)  by  glucocorticosteroids  is  related  to  the  mechanism 
whereby  these  compounds  exert  their  gluconeogenic  activity.  I.,askin  and  Engel  (3) 
found  that  oxygen  consumption  of  bone  slices  was  diminished  following  administration  of 
parathyroid  extract,  and  attributt'd  this  effect  in  part  to  a  depression  of  the  succinic 
(hdiyilrogenase  system;  they  also  proposed  a  theory  of  bone  resorption  which  depends 
upon  the  accumulation  of  intermediary  metabolites,  resulting  from  a  decrease  in  their 
oxidation,  owing  to  the  effect  upon  the  dehydrogenating  enzymes.  Zuchlewski  and  Gaeb- 
ler  (4)  studied  the  effects  of  growth  hormone  on  L-glutamic  acid  dehydrogenase  (G.\I)). 
and  the  transaminases,  GI’T  and  glutamic-oxalacetic  transamina.se  (GOT),  in  hypo- 
physectomized  rats.  The  author  (5,  6)  has  found  that  transaminase  activity,  both  of  GOT 
and  of  GPT,  is  present  in  the  zones  of  endochondral  ossification  of  long  bones,  being  more 
active  in  the  zone  of  the  .secondary  spongiosa,  where  resorption  is  especially  prominent, 
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and  has  suggt'stcd  a  possible  connection  bcdwt'cn  transamination  and  resorption  of  l)one. 
As  a  further  test  of  tins  ])roposal,  transaminase  activity  has  been  stu<!ie<l  in  the  meta¬ 
physeal  bone  of  animals  treated  with  ])arathyroid  extract. 

Twenty  Sprague-Dawley  male  albino  rats  of  an  averagt'  weight  of  150  gm.  were 
divided  into  2  groups  of  10  animals  each.  Of  the  2  groui)s.  kejjt  on  a  standard  diet,  1 
received  a  daily  subcutaneous  injection  of  100  I'.S.P.  units  of  i)arathyroid  extract 
(Paratormolo,  Ism  Milano)  for  each  animal,  while  the  second  group  was  used  as  con¬ 
trols,  and  rc'ceived  daily  injections  of  physiologic  salt  solution.  Treatment  was  discon¬ 
tinued  on  the  sixth  day,  and  the  animals  were  killed  on  the  seventh  day,  12  hours  fol¬ 
lowing  the  final  dose  of  parathyroid  extract;  during  the  final  i)eriod  the  animals  were 
fasted.  The  proximal  half  of  each  tibia  was  collected  and  chilled  in  ice,  and  the  meta- 
physis  and  the  upper  half  of  the  shaft  were  sei)arate<l  from  the  epijdiysis  and  the  marrow 
was  removed.  The  segments  so  obtained  were  used  for  the  determination  of  COT 
activity;  this  was  carried  out  on  homogenati's  (high  speed  blendor  homogenization  fol¬ 
lowed  by  filtration  through  gauze)  using  a-ketoglutarate  as  substrate  and  aspartate*  as 


T.\BI,E  1.  (Jl.rTAMI<-OX.\I,.^eETI('  TR.\\S.\MINASE  ((iOT)  ACTIVITY  OK  RATS’  TIBIAS 
(METACIIYSIS  AM)  l  ei’ER  IIAI.K  OK  DIACII YSIS) 


('ontrol  rats 

I’arathyroid- 
tieated  rats 

Minol  oxalacetate/  100  mg.  dry  wt./ 10  minutes 
/imol  oxalacetate/ 1  mg.  N/10  minutes 

±  :e  1  * 

4.0 

4tt  ±5.8* 

7.0 

*  .\verage  values  of  10  (le.terininations  ±S.E. 


—  Nila  donor,  following  the  techniiiue  of  Tonhazy  et  al.  (7).  'I’lie  final  colorimetric  read 
ings  were  made  with  a  1)1'  Heckman  spi'ctrophotometer.  Nitrogen  di'terminations  were 
made  on  samples  digested  with  sulfuric  acid,  after  .Johnson  (S). 

A  comparison  of  the  values  found  in  the  segments  of  the  tibias  of  animals  treated  with 
parathyroid  extract,  and  those  from  the  control  animals,  demonstrates  a  significant 
difference  in  GOT  activity  between  the  two  groups  (Table  1). 

The  increased  transaminase  activity  found  in  the  bones  of  iiarathyroid-treated  rats, 
in  a  region  where  histologic  examination  reveals  intense  osti'oclastic  and  resorbing  ac¬ 
tivity,  seems  to  support  the  view  of  a  jiarticiiiation  of  the  enzyme,  and  of  the  metabolic 
steps  controlled  by  it,  in  the  process  of  bone  resorption.  This  finding  is  in  agreement  with 
the  previous  observation  (5,  6)  of  high  transaminase  activity  in  the  sites  of  bone  growth 
and  remodeling.  That  the  values  for  increased  enzyme  activity,  based  on  the  dry  weight 
of  the  bone  segments  studied,  do  not  reflect  simjily  a  relative  increase  in  the  organic 
matrix  fraction  is  shown  by  the  .significantly  higher  values  for  GOT  activity  in  the  bones 
from  the  parathyroid-treateil  animals  when  the  activity  observed  is  related  to  the  nitro¬ 
gen  content  of  the  homogenates  (Table  1). 

.\lthough  this  study  does  not  establish  the  true  relationships  between  resoriition  of 
bone,  osteoclastic  activity,  transamination,  and  the  jiarathyroids,  the  coincidence  of 
elevated  transaminase  activity  with  increased  resorjition  of  bone  seems  to  mark  a  steji 
forward  in  the  understanding  of  these  relationships.  The  jiarathyroid  hormone  exerts 
a  marked  influence  on  protein  metabolism  at  the  transaminase  stej).  Whether  this 
deviation  is  related  to  demineralization,  either  as  one  of  the  causes  or  one  of  the  conse¬ 
quences,  has  not  been  shown,  and  will  be  the  object  of  further  investigation. 

So  far  as  the  action  of  parathyroid  extract  on  the  organic  matrix  is  concerned,  Tal- 
mage  and  F^lliott  (9)  suggest  that  it  elicits  metabolic  processes  in  bone  enabling  calcium 
to  be  di.s.solved  in  concentrations  greater  than  can  be  accounted  for  bv  the  solubility  of 
apatite  crystals,  and  Striganova  (10)  has  observed  that  parathyroid  extract  raised  the 
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jjrotoolytio  activity  of  hone*  tissue  of  both  fats  and  ral)l)its.  As  it  has  Ix'cn  shown  tliat 
(Iccrc'ascd  transaminase  activity  generally  accompanies  j)rotein  anabolism  (4,  1 1).  and 
that  the  reverse  is  true  (1),  the  results  here  reported  would  indicate,  in  agn'cment  with 
Sii.;>unova,  that  a  i)rotein  catabolic  process  is  jjarallel  to  the  parathyroid-induced  re- 
;-oi)>  on  of  bone.  The  high  transaminase  activity,  leading  to  local  gluconeogenesis. 
migliL  he  one  of  the  ways  through  which  the  parathyroid  hormone  raises  the  citrate  level 
in  hone  and  contributes  to  the  solubilization  of  the  hone  mineral  (12).  Sui)i)orting  this 
view  is  also  the  decn'ased  serum  amino  acid  levcd  observed  in  man  (13)  after  adminis¬ 
tration  of  parathyroid  extract. 

W  hether  the  increascal  transaminase  activity  is  to  he  referred  to  the  ostt'oclasts 
thems(‘lv('s.  since  th(‘y  are  a  ])rominent  feature  of  tlu‘  resorption  of  hone  induced  by 
jiarathyroid  extract,  or  to  the  protein  of  the  matrix,  is  a  problem  which  might  he  solve<l 
by  the  aid  of  histochemical  methods  for  transaminase;  this  i)rohlem  awaits  the  develop¬ 
ment  of  suitable  methods. 

Luigi  Tkss.xki 

Orthopedic  Clinic 
I'niversity  of  Milan 
Milan,  Italy 
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DITTO-ALVEOEAR  OHOWTH  IN  MAMMARY  (ILAXDS  OF  ADREXO- 
GOXADECTOMIZEl)  MALE  RATS  REARING  ^E^MMOTROPlC 
PITI  ITARY  TEMORS' 


AHSTHACT 

The  hormonal  product  (s')  of  grafted  mammotroi)ic  pittiitary  tumors  (Mt'P)  in¬ 
duced  extensive  ducto-alveolar  growth  in  mammary  glands  of  adreno-gonadectomized 
male  rats  receiving  no  other  hormones,  ('ortisol,  hut  not  desoxycorticosterone  tri¬ 
methylacetate  at  doses  used,  “permitted”  milk  secretion  in  mammary  glands  of 
MtT-hearing,  adreno-gonadectomized  rats;  it  did  not  stimidate  mammary  gland 
growth. 

Experiments  in  laboratory  animals  with  purified  |)rei)arations  from  pituitary  glam’s  of 
other  species  suggest  that  a  combination,  including  adrenal  and  ovarian  steroids  as  well 
as  hypophyseal  hormones,  is  essential  for  duetoalveolar  develo])ment  of  the  mamnm.iy 
glands  (1,  2).  In  contrast,  exiteriments  in  whicli  grafted  mammotrojiie  ])ituitary  tumors 
(MtT)  hav(‘  hc'cn  ustal  as  an  endogenous  source  of  mammotroi)ic  hormone(s)  (Mtll) 
have  led  to  the  postulate  that  the  secretory  ])roducts  of  the  i)ituitary  mammotroj  es 
(Mt)  are  the  primary  stimulant  of  mammary  growth.  In  the  latter  experiments,  steroid 
hormones  s(  onu'd  to  play  modifying  roles;  e.g.  similar  <lucto-alveolar  growth  occurr'^d 
in  the  mammary  glands  of  otlu'rwise  untnaited  intact  or  gonadectomiz('d  Mt  T-hearii'g 
rats  of  ('ither  sex  and  in  estrogen-treated,  hypo|)hysectomized  MtT  hosts  (8-5).  General 
l)romotion  of  growth  was  consistently  associated  with  the  mammary  gland  stimulating 
effect  (4). 

Growth  of  the  mammary  glands  of  adrmio-gonadectomized,  MtT-hearing  rats  has 
been  observed,  hut  in  experiments  previously  rejiurted,  such  animals  had  received  sup¬ 
portive  doses  of  adrcMiocorticoids  (5).  This  communication  reports  the  ('xtensivc'  ducto- 
alveolar  development  induced  by  isologous  MtH  in  adrenogonadi'ctomized  MtT- 
hearing  m  ile  rats  receiving  no  othc'r  hormones.  .Milk  secretion  occurred  when  corti.sel. 
hut  not  desoxycorticosterone  trimethylacetate  (1)0(’-TM.\),  was  administered  to  such 
rats. 


M.XTKKI.XLS  .\NI)  MK.TIIOOS 

Forty-five  maU-  rats  of  the  Fischer  (F)  strain  were  adreiio-goiiadcctoinized  and  four  tu 
sixteen  days  later  SI  of  the.se  were  grafted  intramuscularly  in  the  left  thigh  with  Mt'l'  strain 
Ft  (suh-j)assag(‘  XXlllh)  (S,  4).  Nine  F  males  were  gonadei-tomized  and  six  of  these  grafted 
with  MtT  at  the  same  time.  The  animals,  which  were  S  to  5  months  old  at  the  time  of  graft¬ 
ing,  were  distributed  as  evenly  as  possible  according  to  age  throughout  the  treatment  groipis. 
Steroid  hormones  were  administered  from  the  day  of  grafting  of  adreno-gonadectomized 
animals  according  to  the  following  regime; 

Six  MtT-hearing  and  two  control  rats  received  one  subcutaneous  injc'ction  of  2.5  mg. 
I)()G-TM.\  per  week. 

Six  MtT-hearing  and  three  control  rats  received  one  injection  of  12.5  mg.  l)()(%r.M.\ 
])er  week. 

Six  MtT-hearing  and  three  control  rats  received  three  subcutaneous  injections  of  1 .1)  mg. 
cortisol  in  aipieous  suspension  pc'r  week. 

Seven  MtT-hearing  and  three  control  rats  received  three  injections  of  5.0  mg.  cortisol 
per  week. 

No  corticoids  were  administered  to  six  adreno-gonadectomized  MtT-hearinc,  three 
adreno-gonadectomizeil  control  and  to  the  nine  gonadectomized  rats.  The  diet  of  P.ccM-md 
rat  pellets  was  supplemented  with  vegetables  and  bread  and  milk  daily.  .Vdreno-gona'ie  -to- 
miz(*d  rats  receiving  steroids  were  given  the  choice  of  1%  saline  or  tap  water  ail  Hhih- 
Those  receiving  no  steroids  were  given  saline  only. 

.\t  autopsy  40  days  after  grafting  one  inguinal  fat  pa<l  containing  the  manir.i  — •  i 
was  dissected  free,  spread,  and  fixed  in  10%  formalin.  Spread  glands  were  cod-'.l,  ('e. 
rehydrated,  weighed,  stained  with  hematoxylin,  dehydrated  and  stored  in  /.'.iuc:  •  0. 

Ducto-alveolar  development  of  the  stained  coded  glands  were  rated  on  an  arl  itr.'-y  .  i  « 
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X()t(':  Figures  1  throuKh  <5  are  photoRraphs  of  whole  mounts  of  mammary  glands  from 
MtT-bearing  male  rats  (indieated  by  “A”)  and  their  respeetive  eontrols  (indieated  by 
“H”).  Final  weights  of  grafted  .MtT  and  surgieal  and  hormonal  treatment  and  the  rating 
of  development  and  secretory  activity  in  the  mammary  glands  are  given  for  each  animal. 
•Ml  photos  enlarged  4.5  times. 
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scale,  aiul  the  tlegree  of  secretory  activity  on  a  0  to  ;{*  scale.  Mammary  glaml  area  was 
estimated  from  measurements  of  two  dimensions  with  a  millimet(*r  rule. 

UKSULTS 

•Vs  in  previous  experiments  (8-5),  mammary  glands  of  Konadectomized  male  rats 
hearing  MtT  were  composed  of  nearly  confluent  masses  of  alveoli  and  ducts  distended 
with  secretion  (Figs.  l.K  and  7).  Those  of  gonadectomized  males  without  MtT  consisted 
of  branched  ducts  with  few  alveoli  and  no  secretion  (Fig.  1  H).  Extensive  alveolar  devel¬ 
opment  occurred  in  adreno-gonadectomized  MtT-hearing  rats  in  the  absence  of  steroid 
rei)lacement  (Figs.  2.V  and  7)  although  milk  secretion  was  minimal  and  the  area  and 
defatted  weight  wen*  moderately  reduced  (Fig.  7).  Treatment  of  adreno-gonadectomized 
MtT-hearing  rats  with  either  1)()C-TM.\  or  cortisol  had  little  effect  on  the  degree  of 
ducto-alveolar  development  and  but  slightly  increased  mammary  gland  weight  (Figs. 
3.\,  4.V,  5.V  and  7).  Secretion  was  markedlj-  increased  by  the  higher  dose  of  cortisol, 
however  (Fig.  O.V). 

Mammary  glands  of  adreno-gonadectomized  rats  without  MtT  or  steroid  replace¬ 
ment  were  rudimentary  (Fig.  2B).  .\t  the  doses  used,  cortisol  maintained  mammary 
ducts  and  alveoli  of  such  rats  at  near  the  castrate  level  (Figs.  oH,  OR  and  7).  I)()C'-TAE\ 
was  somewhat  less  effective  (Figs.  3R,  4R  and  7). 

The  higher  dose  of  cortisol  sup|)re.ssed  the  average  per  cent  increase  in  body  weight  of 
MtT-hearing  adreno-gonadectomized  rats  (Fig.  7).  The  gain  in  weight  of  all  other  groups 
of  adreno-gonadectomized  MtT-hearing  animals  ecpialed  or  exceeded  that  of  the  gona- 


Fig.  l.V.  5.3  gm.  MtT;  gonadectomized;  no  steroid  hormone  theraj)}'.  Note  the  con¬ 
fluent  mass  of  alveoli  greatly  swollen  with  secreti<»n.  Hating:  4+  develoi)ment,  3+ 
secretion. 

Fig.  IR.  No  MtT,  otherwise  as  in  Figure  l.\.  Note  branched  ducts  with  few  alveoli. 
Rating:  1+  develoi)ment,  0  secretion. 

Fig.  2.\.  3.2  gm.  MtT;  adreno-gonadectomized;  no  steroid  hormone  therapy.  Note 
extensive  alveolar  development  throughout.  Rating:  3‘''  develojiment,  0  secridion. 

Fig.  2R.  No  MtT,  otherwise  as  in  Figure  2\.  Note  rudimentary  branched  ducts. 
Rating:  0.5‘*'  develoimient,  0  secretion. 

Fig.  3.V.  0.7  gm.  MtT;  adreno-gonadectomized;  2.5  mg.  I)()C-T^E\  per  week.  Note 
thickened  branched  ducts  bearing  small  alveoli.  Margin  of  inguinal  lymidi  node  ajipears 
at  right  edge  of  jncture.  Rating:  2+  development,  0  secretion. 

Fig.  3R.  No  MtT,  otherwise  as  in  Figure  3.V.  Note  rudimentary  brached  ducts. 
Rating:  0.5+  develojnnent,  0  secretion. 

Fig.  4.\.  1.9  gm.  MtT;  adreno-gonadectomizeil;  12.5  mg.  I)()('-TM.V  per  week.  Note 
extensive  alveolar  develojiment  throughout.  Rating:  2+  development,  0.5+  secretion. 

Fig.  4R.  No  MtT,  otherwise  as  in  Figure  4.V.  Note  rudimentary  branched  ducts 
with  few  till}’  alveoli.  Rating:  0.5+  development,  0  secretion. 

Fig.  5A.  3.9  gm.  MtT;  adreno-gonadectomized;  1.0  mg.  cortisol  three  times  per  week. 
Note  extensive  alveolar  development  and  moderate  secretion.  Rating:  3+  develop¬ 
ment,  0.5+  secretion. 

Fig.  5R.  No  MtT,  otherwise  as  in  Figure  5.V.  Note  rudimentary  ducts  with  few  tinj- 
alveoli.  Three  blood  vessels  are  shown.  Rating:  1  +  development,  0  secretion. 

hhu.  6.\.  1.1  gm.  MtT;  adreno-gonadectomized;  5.0  mg.  cortisol  three  times  per  week. 
Note  confluent  mass  of  alveoli  swollen  with  secretion.  Rating:  3+  development,  2+ 
secretion. 

Fig.  or.  No  MtT,  otherwise  as  in  Figure  OA.  Note  branched  ducts  with  small  alveoli 
some  of  which  contain  secretion.  Rating:  1+  development,  0-0.5+  secretion. 
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Fig.  7.  llffoct  of  MtT  on  mammar}-  glands  of  gonadectomized  and  adrono-gonadoc- 
toinizc'd  mall'  rats  treati'd  as  indicated  in  left  hand  column.  Solid  circles  indicate  in¬ 
dividual  values  from  rats  hearing  MtT,  and  open  circles,  those  from  their  respective  con¬ 
trols.  Group  means  are  indicated  by  vertical  cross  lines.  Figures  in  right  hand  columns 
are  .averages  of  the  respective  tumor-h(‘aring  (T)  and  control  (C')  groups. 


dectomized  tumor  hosts,  however,  despite  the  fact  that  final  tumor  weights  were  lower 
in  the  doubly  operated  animals  (Fig.  7).  Of  the  adreno-gonadectomized  rats  without 
MtT,  the  jiercentage  increase  in  body  weight  was  greatest  in  animals  receiving  12.5 
mg.  1)(JC'-TM.V  per  week. 


ni.scussioN 

The  results  support  the  h3  pothesis  that  the  hormone(s)  secreted  bj’  Mt  are  the  main 
stimulants  of  ducto-alveolar  growth  of  the  mammarj-  gland  of  j  oung  adult  rats  and  that 
steroid  hormones  are  not  essential  for  such  growth.  Previous  stuflies  have  indicated  that 
estrogen  acts  as  a  stimulant  of  the  Mt,  and  in  In’pophjsectomized  animals,  has  little  or 
no  mammarv  growth-i)romoting  action  (3-5).  In  agreement  with  others  (1,  2),  however, 
a  glucocorticoid  was  nece.ssarj-  for  milk  secretion.  The  higher  dose  of  cortisol  was  most 
elTectivc  in  this  respect  even  though  it  inhibited  growth  in  general.  A  cortisol  dose  be¬ 
tween  those  used  here  might  prove  optimal  for  both  bodj’  growth  and  milk  secretion 
and  corticosterone,  the  principal  product  of  the  rat  adrenal  cortex  (6)  might  be  more 
effective. 
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Tho  relationship  hetweon  the  hormone(s)  released  hy  Mt  and  those  purified  from 
pituitary  glands  of  other  speeies  is  not  yet  eh'ar.  Promotion  of  body  growth  and  stimula¬ 
tion  of  the  mammary  gland  have  thus  far  oeeurred  in  parallel  in  MtT  hosts  of  a  given 
treatment  grouj)  (4).  Homogenates  (7)  and  extracts  (8)  of  MtT  tissue  stimulate  the 
pigeon  crop  gland  and  homogenates  induce  growth  of  dwarf  mice*  and  moderately  in¬ 
crease  the  width  of  the  tihial  plates  of  hypophysectomized  rats-  (7).  Assays  of  MtT 
tissue  preparations  for  follicle-stimulating  and  luteinizing  (7),  luteotropic,®  thyrotropic 
(8),  and  adrenocorticotropic  (9)  hormones  have  been  negative,  in  confirmation  of  ob¬ 
servations  in  host  animals  (3-5). 

Failure  to  induce  marked  ducto-alveolar  development  in  rats  with  purified  hetero¬ 
logous  growth  hormone  and/  or  prolactin  in  the  absence  of  steroid  hormones  could  bo 
due  either  to  sjM'cies  differences  in  hormoiu'  structure'  and  the  conse'quent  antigenicity, 
or  to  difficulty  in  maintaining  high  circulating  hormone  levels  by  injection.  In  contrast, 
the  hormone(s)  secreted  by  MtT  are  native  to  the  rat  and  are  i)resumably  released  in 
steadily  increasing  quantities  during  tumor  growth. 
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INHIBITION  AND  SYNCHRONIZATION  OF  MATING  IN  THE  MOUSE 
BY  ORAL  ADMINISTRATION  OF  PROGESTINS 

ABSTRACT 

Diets  containing  either  progesterone  or  Ga-methyl-17a-hydroxyprogesterone 
acetate  were  fed  to  95  adult  female  mice.  Mating  was  inhibited  in  all  cases.  Inhibi¬ 
tion  was  effective  after  a  preliminary  treatment  period  of  4  days  and  extended  be¬ 
yond  end  of  treatment  for  at  least  04  hours.  Of  the  80  mice  which  did  mate,  71 
mated  (54-  72  hours  after  normal  diet  was  resumed  and  the  9  others  mated  24  hours 
later.  Eighty-nine  per  cent  of  the  mice  which  mated  were  pregnant  when  autopsied 
12  days  after  mating.  The  pregnant  females  had  a  mean  of  10.4  living  fetuses  each. 
Ingestion  of  treated  diets  by  males  did  not  affect  their  fertility  or  libido. 

Reliable  control  of  estrous  cycles  by  some  relatively  simi)le  procedure  would  b*'  use¬ 
ful  in  certain  techniques,  such  as  ova  transfer  and  artificial  insemination,  in  both  labora¬ 
tory  animals  and  larger  domestic  animals.  It  is  well  established  that  continued  injec¬ 
tion  of  progesterone  to  animals  with  normal  estrous  cycles  will  inhibit  estrus  and  ovula¬ 
tion  and  that  ui)on  withdrawing  treatment,  normal  estrous  cycles  are  resumed.  This 
technique  has  been  used  by  many  workers  (1)  in  an  attenq)!  to  synchronize  estrus  and 
ovulation  in  groui)s  of  domestic  animals. 

The  inconvenience  of  making  daily  injections  to  large  numbers  of  animals  of  readily 
absorbed  and  metabolized  materials  and  the  lack  of  a  sharp  withdrawal  point  of  slowh- 
absorbed  or  metabolized  materials  has  limited  the  usefulness  of  this  approach.  Orally 
administerc'd  steroids  have  recently  betm  shown  to  be  effective  in  inhibiting  mating  (2) 
and  as  a  substitute  for  endogenous  progesterone  in  maintaining  jiregnancj'  (3).  The 
following  experiments  were  conductc*d  to  test  whether  administration  of  jjrogestins 
via  the  diet  would  inhibit  mating  in  mice  and  whether  mating  would  be  sj’nchronized  in 
a  group  of  mice  following  simultaneous  withdrawal  of  treatment. 

M.\TKRI.\LS  .\NI)  MKTHOD.S 

Laboratory  bred,  albino  mice  kept  under  normal  daylight  conditions  were  used  in  this 
study.  Most  of  the  females  were  adults  which  had  iiroduced  at  least  one  litter  and  most  of 
the  males  were  known  to  be  fertile. 

Crystalline  progesterone  and  (>a-methyl-17o-hydroxyprogesterone  acetate'  (U8839)  were 
each  tested.  Progesterone  or  U8839  were  adiled  to  the  diet  at  the  rate  of  G  mg.  and  0.2  mg. 
per  gm.  of  dry  feed  respectively. 

The  mice  were  fed  normal  laboratory  diet  (Rockland)  or  one  of  the  treated  diets  and 
water  ad  Uhitum.  The  treated  diets  were  prepared  by  the  following  procedure.  The  normal 
pelleted  diet  was  ground;  the  progestin  was  dissolved  in  95%  ethyl  alcohol  and  sprayed  on 
the  ground  feed  which  was  then  thoroughly  mixed.  Water  or  reconstituted  dry  skim  milk 
was  added  to  the  treated  diet  at  the  rate  of  1  cc.  to  2  gm.  of  diet.  This  was  again  mixed  ami 
formed  into  pellets  by  a  crude  hand-operated  device  or  formed  into  pressed  patties 

about  i  "  thick  and  2"  in  diameter.  The  reformed  diet  was  air  dried  in  a  65°  C.  oven  for  about 
24  hours.  The  dry  patties  were  broken  into  smaller  pieces  to  permit  feeding  in  normal  cage 
feeders. 

Feed  and  feeders  were  weighed  daily  and  the  wasted  feed  recovered  under  the  cages  was 
also  weighed  to  determine  the  actual  amount  of  feed  eaten  daily. 

Females  were  cag(“(i  and  fed  treated  diets  in  12  separate  groups  of  7-10  mice  per  cage  for 
at  least  4  days  prior  to  putting  each  individual  female  with  a  male  in  his  cage.  Shorter  pre¬ 
liminary  feeding  intervals  were  not  tested.  This  preliminary  feeding  regime  was  instituterl 
to  give  the  progestins  time  to  be  effective  before  females  were  exposed  to  males.  Treatment 
was  starte<l  without  regard  for  the  stage  of  the  estrous  cycle  of  the  females.  Females  were 
fed  a  treated  diet  for  periods  ranging  from  4  to  15  days.  In  some  ca.ses  normal  diet  was  re¬ 
stored  to  females  when  transferred  to  the  male’s  cage;  in  other  cases  females  continued 
receiving  a  treated  diet  for  7  or  10  days  after  pairing  (Table  1).  In  all  cases  the  male  re¬ 
ceived  the  same  diet  as  his  mate  while  they  were  paired.  The  change  from  treated  to  normal 
diet  was  usually  made  between  8  and  It)  a.m.  Females  were  checked  once  a  day  (8  a.m.)  or 
sometimes  twice  a  day  (8  a.m.  and  5  p..m.)  for  the  presence  of  copulation  i)lugs. 


Received  January  15,  1960. 

*  The  6a-ineth3’l-17a;-hy(lroxyi)rogesterone  acetate  (Provera)  was  supplied  through 
the  courtesy  of  Dr.  H.  S.  Bryan  of  the  Upjohn  Company,  Kalamazoo,  Michigan. 
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Table  1.  Nember  ok  eemales,  mated,  pregxaxt  axd  number  ge  fetuses 

FULLOWIXO  IXGESTIOX  OF  PROGESTIN'S 


Dietary  1 

progestin 

Days  from  onset  of  feed-j 
ing  treated  diet  until;  ' 

No.  of  mice 

j 

Mean  No.  of 
live  fetuses 
per  pregnant 
female 

Treat¬ 

ed 

With  i 
plugs  j 

Preg-  1 
mint  1 

Females  1 
paired  with 
males  ! 

Normal 

diet 

resumed 

i 

No. 

No.  1 

%  1 

No.  j 

% 

F8839 

1  4  i 

4 

1  15 

14 

i 

‘Ki  1 

11  : 

73 

11.0 

I’rogesti'rone 

4 

4 

1  13 

13 

100 

12 

92 

9.8 

Progesterone 

10 

10 

i  14 

14 

100 

11 

7i) 

9.8 

Progesterone 

5  1 

15 

i  30 

21 

70 

1  20 

'  ()7 

10.9 

1*8839 

5 

12 

1  23 

18 

78 

17 

i 

9.8 

Total 

1  1 

1  I 

1  95 

80 

84 

1 

1  75 

1 

10.4 

Aliout  5  days  after  mating  had  taken  place,  the  females  were  removed  from  the  males’ 
cage  and  again  caged  in  groups.  Fifteen  days  after  resuming  normal  diet,  or  11  or  12  days 
after  copulation  plugs  were  ohserved,  all  females  were  autopsied,  pregnancy  determined, 
and  fetuses  and  implantation  sites  counted. 

Males  wer(‘  checked  for  fertility  after  they  had  eaten  one  or  the  other  of  the  treated 
diets  for  up  to  25  days  by  periodically  mating  them  with  normal  females. 

RESULTS  AN'I)  DISCUSSION 

Mating  was  inliihited  from  4  days  after  starting  treatment  until  about  04  hours  after 
tn'atment  was  stopiied  in  all  females  receiving  treated  diet.  No  copulation  plugs  were 
found  in  any  of  53  females  during  7  or  10  <lay  treatment  periods  during  which  they  were 
exposed  to  males.  Time  of  mating  as  indicated  by  the  aiijiearance  of  copulation  plugs 
and  checked  by  correlating  fetus  size  at  autopsy,  occurred  during  the  third  night  (04- 
72  hours)  after  resumption  of  normal  diet  in  71  of  80  females  that  did  mate  (Table  1). 
The  other  9  females  that  mated  did  so  during  the  fourth  night.  These  9  were  large,  older 
females  which  had  receivi'd  a  treated  dii't  for  12  or  15  days.  Larger  females  may  have 
had  larger  reserves  of  the  exogenous  hormone  in  the  body  fat  than  smalh'r  animals  fed 
for  shorter  periods  of  time.  The  reason  for  failure  of  15  of  the  95  tri'ated  females  to 
mate  is  not  definitely  known.  In  some  eases  either  the  male  or  the  female  appeared  un¬ 
healthy,  not  necessarily  due  to  the  treatment.  In  some  other  cases  young  inexix'rienced 
males  may  have  been  at  fault. 

In  comparison  with  mice  of  similar  background  in  this  laboratory,  treatment  did  not 
ajipear  to  adversely  affect  eithi'r  the  jiroiiortion  of  females  bi'coming  pregnant  or  the 
numbi'r  of  fetuses  present  at  autopsy.  There  were  no  differences  betwi'cn  groups  of 
females  receiving  jirogesterone  or  r8839  as  indicated  by  these  two  measures  of  fertility 
(Table  1). 

Each  mouse  ate  3-5  gm.  of  dii't/day  and  so  ingi'sted  18-30  mg.  of  progesti'rone  or 
0. 0-1.0  mg.  of  ('8839  jier  day.  The  levels  of  progesterone  and  1*8839  seh'cted  for  this 
exiieriment  were  chosen  on  the  basis  of  preliminary  testing.  Sufficient  data  are  not  avail¬ 
able  to  show  whether  oral  effectiveness  of  the  two  drugs  is  neci'ssarily  in  the  ratio  f(‘d 
or  that  th(‘  doses  ri'porti'd  are  the  minimum  (‘ffi'ctive  levels. 

Fertility  and  libido  of  males,  which  were  jiaired  with  the  females  iindiT  tn'atment, 
did  not  seem  to  b('  aflfeeti'd  although  some  of  the  males  had  received  one  of  the  tri'ated 
diets  7  or  10  days  bi'fore  mating.  The  observation  that  other  males,  fi'd  treati'd  diets 
for  25  days,  mated  and  produced  litters  of  normal  size  during  and  after  treatment  also 
indicates  that  the  treated  diet  does  not  affect  males. 

On  the  basis  of  these  experimental  findings  it  appears  that  ad  lihilum  feeding  of  diets 
containing  either  progesterone  or  U8839  is  effective  in  inhibiting  mating  in  mice  and  that 
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synclironization  of  matiiif;  in  groups  of  mici*  can  l)c  effected  l)y  simultaneously  resuming 
normal  diets. 

I’uiLiP  J.  Dziuk 

Dept,  of  .\nimal  Seience 
I'niversitu  of  Illinois 
I'rhann,  Illinois 
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THE  TIIYMOLYTIC  ACTIYITIES  OF  10a,  17a  KETALS  OF  TRIAMCINOLONE' 

ABSTRACT 

The  relative  thyinolytic  activities  of  triamcinolone  acetonide  and  several  of  its 
homologous  ketonide  variants  were  assessed  in  a  48-hour  hioassay  emi)loying  intact 
immature  female  rats.  One  of  the  alkyl  substituents  of  the  ketonide  moiety  was 
varied  in  a  regidar  way  from  methyl  through  hexyl  while  the  other  was  held  at 
methyl  throughout  the  homologous  series.  The  methyl,  ethyl,  i)roi)yl,  butyl,  pentyl, 
and  hexyl  analogs  were  more  active  than  hydrocortisone;  however,  the  latter  two 
were  less  efficacious  than  triamcinolone. 

The  Hia,  17a  isopropylidenedioxy  derivative  of  triamcinolone  has  been  reported  to 
posst'ss  greater  glucocorticoid  activit}’  than  the  parent  steroid  (1,  2).  Moreover,  Fried, 
et  al.  (1)  have  presented  data  suggesting  a  progressive  increase  in  biological  activity  with 
decreasing  molecular  weight  of  ketal  substituents.  This  communication  reports  the 
thyinolytic  activitii's  of  a  series  of  homologous  ketals  of  triamcinolone. 

M.\TKUI.\LS  .\N'I)  MKTUODS 

Intact  immature  female  rats  (Sherman  strain,  4t)-()()  g.)  were  given  a  single  subcutaneous 
injection  of  steroid  suspended  in  0.2  ml.  of  carboxymethylcellulose  vehicle  (3),  with  benzyl 
alcohol  excluded.  Cdntrol  animals  received  vidiicle  alone.  P'ort3'-eight  hours  after  injection 
the  rats  were  autopsied,  at  which  time  th.vmus  and  bod.v  weights  were  determined.  Results 
were  exiiressed  as  thymus  weight  (mg.)/ 100  g.  final  bod.v  weight.  Statistical  computations 
included  anal.vsis  of  variance  (4);  determination  of  relative  potencies  and  95%  confidence 
limits  (5);  and  calculation  of  the  precision  (X)  of  a  parallel  line  biological  assa}'  (0). 

RESULTS 

Comparative  thvmolvtic  resiionscs  to  graded  concmitrations  of  hydrocortisone, 
triamcinolone  and  triamcinolone  ketal  analogs  are  presented  in  Table  1.  Though  there 
ajipears  to  be  a  progressive  decrease  in  the  relative  iiotmicies  as  the  molecular  weight 
(R)  increases,  no  significance  can  be  conferreil  upon  the  differences  between  the  metln  l 
(I),  ethyl  (II)  or  propyl  (HI)  analogs,  as  evidenced  by  the  overlap  of  95%  confidence 
limits. 

.\  com))arison  of  the  relative  iiotencies  and  95%  confidence  limits  of  a  linear  3  carbon 
structure  (III)  and  a  branched  3  carbon  structure  (IV)  indicates  that,  within  this  series, 
configuration  does  not  significantlj’  alter  biological  activity. 

The  isobutj  l  ketal  (V)  was  approximatid.v  ecpiivalent  to  triamciaolone,  whereas  the 
addition  of  another  methyl  group  (VI)  resulted  in  a  stertiid  with  an  activity  less  than  that 


Ri'ceived  February  4,  1900. 

*  This  work  was  conducted  in  the  Departments  of  Pharmacological  Research,  Dr. 
Earl  H.  Dearborn,  Head,  and  Chemical  and  Proce.ss  Development,  Dr.  G.  Sieger,  Head. 
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TaBI.K  1.  TiIYMI  S  IXVdl.lTIOX  DOSE-HESPOXSE  DATA* 

CH^OH 

C=0 


Compound  j 

1 

Total  dose  ' 
(mb.,  rat) 

j 

No.  rats 

Tliymus  weiRlit  | 
(mg.  100  K.  i 
final  body 
weiglit)  j 

Relative  potencies  and  95% 
confidence  limits 

1 

( Xliydi'ocoi’fiso"'’)  ' 

[  XtriamcinolowO 

Control  1 

- 

22  i 

360±13t 

- 

— 

Hydrocortisone 

150  1 

31  1 

2')6  +  7  i 

j 

3(K) 

32 

261 ±  9  i 

6(K)  ' 

32 

199  ±  7  : 

1.0 

— 

I 

m)  , 

32 

134+7 

1200  I 

32  1 

111±  5 

Triamcinolone  j 

50  i 

20  1 

280  + 10  1 

1 

1(K)  { 

20  1 

234+11  1 

200 

20 

147+8  1 

4.0 (  3.3-  4.8)  1 

1.0 

4(M)  1 

20 

101  ±  2 

! 

K=CH,  (I)  1 

20  1 

20 

205+  9 

40  i 

20 

147  +  12 

80 

20 

107+  7 

20.2  (16.6-25.0) 

5.1 (4. 1-6.3) 

160  ' 

20 

81  ±  4 

R=CHrf'H,  (11) 

25 

12  1 

202  ±  14 

50  1 

12 

149  ±13 

16.6(13.2-21.0) 

4.2 (3. 3-5. 4) 

;  100  i 

12  ! 

98  ±  4  ; 

2(K)  1 

12  1 

85±  5 

K=CIIjCHjC'H,  (III) 

j  25  I 

12 

215±12 

50  i 

12 

160±  9 

1(H) 

12 

1  110±  7 

14.1(11.3-17.7) 

3.6  (2. 8-4. 5) 

200 

12 

1  85±  6 

CH, 

1 

/ 

25 

12 

221  ±  19 

II 

O 

50 

12 

185119 

\ 

100 

12 

113±  8 

13.0(10.4-16.2) 

3.3  (2.6-4. 1) 

CIl, 

200 

1 

88+  7 

Cll, 

1  50 

i  *■- 

271  +  15 

/ 

100 

12 

224  ±  15 

H=cHK:ir  (V) 

2(H) 

1  12 

149114 

4.5(  3.7-  5.6) 

1.2  (0.9-1. 4) 

\ 

i  400 

i  12 

93+  7 

CH, 

1  800 

!  12 

691  4 

u=chk:h,chk:ti,ch,  (vd 

1  1(H) 

i  1-’ 

265114 

2(M) 

1  1- 

2031  9 

1  4(H) 

I  12 

145113 

2.3  (  1.8-  2.9) 

0.6  (0.5-0. 7) 

!  800 

!  1)2 

981  9 

u  =ctik:hk.tik'h,ch!CH,  (vid 

1  2(H) 

16 

190+12 

i 

4(H) 

16 

1211  5 

j 

8(H) 

16 

861  5 

1  2.7(2.2-3.3) 

0.7(0.&-0.9) 

16(X) 

16 

711  5 

1 

_ 

♦  Pooled  Data, 
t  Mean  ±  Standard  Error. 


Table  2.  .\xalysis  ttr  variaxce  ok  thymes  ixvolltiox  dose-respoxse  data 


Line 

Xo. 

1 

Treat  mput  j 

Sum 

1  of 

stjuares 

Degrees! 
of  free-  ! 
(lorn 

Mean 

square 

Error 

line 

F 

Rvalue 

Proba¬ 

bility 

(P) 

1 

Regression  j 

ll.()722 

1 

1 1 . 0722 

4 

957 

<0.01 

2  ! 

Parallelism 

.0528 

1  8 

.0000 

4 

<1 

>0.05 

Non-linearitv 

1  20 

.0109 

4 

1.39 

4 

Within  group  varianee 

().9:}15 

560 

.0122 

1  >0.05 
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of  triamcinolone.  No  further  depression  of  thymolytie  activity  was  observed  with  the 
hexyl  analog. 

Thymus  weights  decreased  significantly  as  the  dose  of  steroid  was  increased  (line  1, 
P  <0.01  Table  2).  There  was  neither  a  significant  departure  of  dose-response  lines  from 
parallelism  (line  2,  P>0.05),  nor  a  significant  deviation  of  points  from  the  regression 
lines  (line  3,  P>0.05).  The  precision  (X)  of  the  bioassay  was  0.23,  with  a  combined  slope 
for  compounds  of  —  0.4S7. 

I.  Ri.nglkk  and  R.  Brownfiki.d 

Experimental  Therapeutics  Research  and 

Pharmaceutical  Product  Development  Section  Lederle  Laboratories 
Pearl  River,  Xew  York 
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THE  EXDOdHNE  SOCIETY 

1«()0  AWARDS 

The  selection  of  tlie  recipients  of  the  awards  of  The  Endocrine  Society  is 
made  by  a  Committee  appointed  by  tlie  Council  of  the  Society.  These 
awards  and  fellowships  carry  no  obligation  by  the  recipient  to  the  Society 
or  to  the  donors. 


Fred  Conrad  Koch  Award 

During  the  past  year  a  substantial  legacy  has  been  bequeathed  the  So¬ 
ciety  by  the  late  Elizabeth  Koch  for  the  purpose  of  establishing  the  Fred 
Conrad  Koch  Memorial  Fund  in  memory  of  her  late  husband,  distin¬ 
guished  service  professor  of  physiological  chemistry  at  the  University  of 
Chicago  and  pioneer  in  the  isolation  of  the  androgens.  This  is  to  be  the 
highest  honor  of  the  Endocrine  Society  and  is  to  be  represented  by  a  medal 
that  is  to  be  known  as  the  Koch  Medal  of  The  Endocrine  Society.  The 
medal  and  honorarium  of  S3, .^00  is  to  be  given  annually  to  an  individual 
for  work  of  special  distinction  in  endocrinology. 

The  recipient  shall  be  chosen  from  nominations  presented  by  members 
of  the  Society  and  is  limited  to  citizens  of  the  United  States  and  Canada. 
This  award  will  replace  the  Medal  of  the  Endocrine  Society  which  was  es¬ 
tablished  in  1954  and  presented  to  Dr.  Carl  Moore  in  19.55,  Dr.  Frederick 
L.  Hisaw  in  19.50,  Dr.  .Joseph  C.  Aub  in  1957,  Dr.  1. 1.,.  Chaikoff  in  1958  and 
Dr.  Wilbur  W.  Swingle  in  1959.  The  Endocrine  Medal  replaced  the  E.  R. 
Squibb  Award  which  was  formerly  the  highest  honor  bestowed  by  the  So¬ 
ciety.  I’ast  recipients  of  the  Squibb  Award  were  Dr.  George  W.  Corner  in 
1940,  Dr.  Philip  E.  Smith  in  1941,  Dr.  Fred  C.  Koch,  1942,  no  award  was 
given  in  1943,  Dr.  E.  A.  Doisy  in  1944,  Dr.  E.  C.  Kendall  in  1945,  Dr. 
Carl  O.  Hartman  in  1940,  Drs.  Carl  F.  and  Gerty  T.  Cori  in  1947,  Dr. 
Fuller  Albright  in  1948,  Dr.  Herbert  Evans  in  1949,  Dr.  C.  X.  H.  Long  in 
19.50,  Dr.  .J.  R.  Collip  in  1951,  Dr.  .James  H.  Means  in  19.52  and  Dr.  David 
Marine  in  19.53. 


The  Ciba  Award 

The  Ciba  Award,  to  recognize  the  meritorious  accomplishments  of  an  in¬ 
vestigator  who  has  not  attained  his  30th  birthday  by  .June  1st  of  the  year 
the  award  is  presented,  in  the  field  of  clinical  or  preclinical  endocri¬ 
nology,  was  established  in  1942,  but  no  recipient  was  selected  in  1942 
or  1943.  In  1944  the  Award  was  presented  to  Dr.  Iv  B.  Astwood,  1945 
Dr.  .James  A.  Russell,  1940  Dr.  Martin  M.  Hoffman,  1947  Dr.  Choh  Hao 
Id,  1948  Dr.  Carl  Heller,  1949  Dr.  George  Sayers,  19.50  Dr.  Oscar  M. 
Hechter,  19.51  Dr.  Albert  Segaloff,  19.52  Dr.  Seymour  Lieberman,  1953 
Dr.  Sidney  Roberts  and  Dr.  Clara  Szego  (Mrs.  Roberts),  1954  Dr.  Isadore 
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M.  Rosenberg,  19').')  Dr.  .Jack  dross,  19.')()  Dr.  .Vlfred  M.  Rongiovanni, 
19.57  Dr.  Xieholas  S.  llalmi,  19.5<S  Dr.  Monte  Arnold  dreer,  and  19.59  Dr. 
(Jordon  L.  Farrell.  Prior  to  19.52  the  Award  was  .SI, 200.  It  has  now  been 
increased  to  S2,')00. 

The  Ayerst  and  the  Squibb  Fellowships 

The  .\ verst  Fellowship  was  established  in  1947  and  the  Sipiibb  Fellow¬ 
ship  in  19.50.  They  are  designed  to  a.ssist  men  or  women  of  exceptional 
promise  in  furthering  their  advancement  towards  a  career  in  endocrinology, 
l^ach  Fellowship  is  awarded  on  alternate  years  and  the  stipend,  which  will 
not  exceed  .S.5,000  may  be  divided  into  two  Fellowships  in  varying  amounts 
in  accordance  with  the  (pialifications  of  the  appointees.  Individual  pos¬ 
sessing  the  M.D.  or  Ph.D.  degree,  or  candidates  for  either  of  these  degrees, 
are  eligible  for  appointment. 

Applicants  must  submit  the  following  information; 

1.  Evidence  of  scientific  ability  as  attested  by  studies  completed  or  in 
progress. 

2.  Recommendations  from  individuals  familiar  with  the  candidate  and 
his  work. 

3.  A  proposed  program  of  study. 

4.  Acceptance  of  the  individual  by  the  head  of  the  department  in  which 
the  I'ellow.ship  will  be  held. 

o.  A  statement  that  he  or  she  will  serve  full  time  if  awarded  a  Fellow¬ 
ship.  A  small  amount  of  time  (10  to  1.5  per  cent)  may  be  spent  in 
course  work  or  participation  in  teaching,  the  latter  purely  on  a  volun¬ 
tary  basis. 

The  Upjohn  Scholar  of  The  Endocrine  Soitety 

The  Council  of  The  Endocrine  Society  has  e.stablished  a  category  of 
Scholars.  I’hese  grants  have  been  made  available  through  the  generosity  of 
the  Upjohn  Company,  and  will  be  awarded  to  an  established  investigator 
or  teacher  in  the  field  of  endocrinology  who  wishes  to  extend  the  oppor¬ 
tunities  for  work  either  in  this  country  or  abroad. 

The  award  will  not  exceed  S2,.500  annually  and  will  be  granted  on  the 
ba.sis  of  proposals  submitted  by  the  applicant.  Such  applications  should 
include  estimated  financial  needs.  The  funds  may  be  used  for  travel, 
maintenance  and  other  expenses.  , 

Xomiuatioiis 

Nominations  for  the  Fred  Conrad  Koch  Award;  the  Ciba  Award;  and 
the  Ayerst  and  the  Siiuibb  Fellowships  may  be  made  by  any  member  of 
The  Endocrine  Society.  They  should  be  submitted  on  forms  which  may  be 
obtained  from  the  Office  of  the  Secretary,  1200  North  Walker  Street,  Okla¬ 
homa  City  3,  Oklahoma.  Completed  nominations  should  be  returned  to  the 
Secretary  not  later  than  October  1.5,  1959. 
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Proposals  for  appointments  as  Scholars  of  The  hhulocrine  Society  sliouhl 
be  made  in  writing  l)y  the  individual,  and  addressed  to  the  secretary  of 
the  Society.  They  should  be  submitted  by  October  15,  lt)5(). 

The  A\var<ls  Committee  will  meet  in  October  and  notice  of  awards  to  suc¬ 
cessful  nominees  and  applicants  will  be  made  not  later  than  December  1st. 

TIIK  INTERNATIONAL  ('ONORESS  OF  ENDOC'RINOLOOY 

The  First  International  Congress  of  Endocrinology  will  be  held  in  (’opcn- 
hagcn  Denmark,  July  18-23,  1960. 

United  States  members  of  the  International  Executive  Committee  are 
Dr.  Warren  O.  Nelson  and  Dr.  Leo  T.  Samuels,  Dr.  (Iregory  Pincus  is 
Chairman  of  the  Program  Committee.  The  tentative  program  consists  of 
ten  symposia  covering  the  general  field  of  endocrinology  plus  round-table 
discussions  and  a  number  of  submitted  papers.  Those  desiring  to  submit 
papers  should  immediately  contact  Dr.  Cregory  Pincus,  Worcester  Foun¬ 
dation,  Shrewsbury,  Massachusetts.  There  will  be  a  number  of  interesting 
scientific  and  technical  exhibits. 

In  order  to  facilitate  travel  arrangements  to  the  Copenhagen  Conven¬ 
tion,  the  Council  of  The  hhulocrine  Society  at  its  San  Francisco  meeting 
designated  THOMAS  COOK  SON  as  our  authorized  travel  agents.  They 
will  in  turn  offer  especially  designed  .Ml  lixpense  Paid  Tours  to  Europe,  in¬ 
cluding  hotel  reservations  for  the  convention,  as  well  as  offering  independ¬ 
ent  itineraries  for  any  of  our  members  who  desire  to  travel  separately  by 
air  or  by  steamship. 

Registration  is  open  to  anyone  interesteil  in  endocrinology  at  an  ap¬ 
proximate  fee  of  S2S  U.S.  .Members  of  the  families  of  those  attending  may 
register  as  associates  at  an  approximate  fee  of  S14  U.S.,  fee  to  be  paid  at  the 
time  of  registration  or  in  advance  to  the  .Vmerican  lOxpress  Company, 
which  has  been  designated  by  the  INecutive  Committee  of  the  Interna¬ 
tional  Congress  as  official  financial  and  travel  agent.  There  will  be  a  num¬ 
ber  of  social  functions  and  other  entertainment  provided  for  all  registrants. 

As  you  all  know,  lOuropean  travel  is  unusually  heavy  during  .Inly  and  it 
is  suggested  that  those  contemplating  attending  the  Congress  should  start 
making  tentative  reservations  at  the  earliest  possible  moment  by  filling  in 
and  returning  the  card  recently  mailed  to  members,  to  THOMAS  COOK 
&  son’s  .special  representative — Harry  M  Kornbaum,  Transportation 
Chairman,  Rainbow  Travel  Service,  2817  Cla.s.sen  Boulevard,  Oklahoma 
City  0,  Oklahoma,  who  will  correspond  direct!}'  with  each  member  about 
his  individual  travel  arrangements  to  and  from  the  Convention,  at  the 
same  time  keeping  our  National  Officers  fully  informed  of  all  travel  ar¬ 
rangements  of  its  members.  Completion  of  the  card  C.VRUIliS  NO  OB- 
LIG.VTION  OR  CO.M.MIT.MENT  ON  YOUR  PART.  Send  it  in  today 
for  the  complete  travel  arrangements  for  our  Society. 

5  The  general  expenses  of  a  meeting  of  this  magnitude  are  (piite  large  and 
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The  Endocrine  Society  has  made  a  substantial  contribution  from  its  treas¬ 
ury  for  organizational  purposes.  U.S.  pharmaceutical  firms  have  also  con¬ 
tributed  very  generously.  However,  .'sufficient  funds  are  not  as  yet  available 
to  assure  the  .success  of  this  meeting;  therefore,  the  committee  suggests  that 
each  of  our  tnembers  make  voluntary  contributions  to  this  fund.  Please  make 
your  checks  payable  to;  The  Endocrine  Society — First  International 
Congress  of  Endocrinology.  Mark  it  Contribution  and  mail  it  to  the  office 
of  the  Secret ary-Trea.surer,  1200  North  Walker  Street,  Oklahoma  City  8, 
Oklahoma. 

(For  j)r()Krani  .soo  the  Deeemher  1959  issue  of  tliis  Journal.) 


THE  FOURTH  INTERNATIONAL  GOITRE  CONFERENCE 

LONDON  1960 

Sponsors:  The  .\merican  (loiter  Assoeiation,  The  Royal  Collene  of  Physieiaus,  The 
Royal  College  of  Surgeons  of  England,  The  Royal  Society  of  Medicine,  The  London 
Thyroid  Club. 

I).\TE  A\D  LoC.\TIOX 

The  Fourth  International  Goitre  Conference  organized  jointly  by  the 
American  Goiter  Association  and  the  London  Thyroid  Club  will  take  place 
at  Church  House,  Great  Smith  Street,  Westminster,  London,  S.W.l  (and 
not  at  The  Royal  College  of  Surgeons  as  previously  announced)  on  Tues¬ 
day,  Wednesday,  Thursday  and  Friday,  5th,  6th,  7th  and  8th  July  1960. 

CoXFEREXCE  OFFICES 

At  9.80  A.M.  on  Monday,  4th  July,  a  Reception  Office  will  open  at 
Church  House,  Westminster,  where  registration  formalities  may  be  com¬ 
pleted  and  where  members  will  receive  the  various  Conference  documents, 
including  the  final  programme.  This  Office  will  remain  open  throughout 
the  Conference.  Meantime,  all  correspondence  should  be  addre.'^.sed  as 
follows; 

The  Honorary  Secretary 

The  Fourth  International  Goitre  Conference 

The  Royal  Society  of  Medicine 

Dering  Yard 

67c  New  Bond  Street,  London,  W.l 

except  for  registration  fees  which  should  be  addressed  to  Dr.  F.  C.  Kelly, 
20  Ropemaker  Street,  London,  E.C.2. 

JOURNAL  OF  REPRODUCTION  AND  FERTILITY 

The  fir.st  number  of  the  new  Journal  of  Reproduction  and  Fertility, 
official  journal  of  the  Society  for  the  Study  of  Fertility  has  just  recently 
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become  available  from  the  Blackwell  Scientific  Publications,  Oxford, 
Kngland. 

The  journal  will  be  published  quarterly.  Annual  subscription  post  free 
seventy  shillings  (U.S.A.  and  Canada  812.00).  The  editorial  staff  is  headed 
by  C.  H.  Austin,  Kditor  and  A.  S.  Parkes,  Chairman  of  the  Kditorial 
Board.  The  journal  will  publish  original  papers,  abstracts  of  Proceedings, 
and  occasionally  reviews  and  bibliographies,  dealing  with  the  morphology, 
physiology,  biochemistry  and  pathology  of  reproduction  in  man  and  other 
animals,  and  with  the  biological,  medical  and  veterninary  problems  of 
fertility. 

Dr.  Parkes  states  in  the  foreword,  “All  who  work  in  the  field  of  repro¬ 
duction  and  fertility  are  cordially  invited  to  submit  papers,  and  contribu¬ 
tions  from  abroad  will  be  especially  welcome.” 

FIRST  INTERNATIONAL  (X)NGRESS  OF  IIISTO- 
('IIEMISTRY  AND  CYTOCHEMISTRA^ 

Paris,  August  28-September  .3,  lOfiO 

In  19()0,  from  August  2(S  to  September  3,  the  First  International  Con¬ 
gress  of  Histochemistry  and  Cytochemistry  will  be  held  in  Paris.  It  is 
organized  under  the  auspices  of  the  “Societe  Fran^aise  d’llistochimie”  in 
collaboration  with  the  histochemical  societies  in  existence  all  over  the 
world,  e.specially  the  “American  Histochemical  Society,”  the  “Deutsche 
.\rbeitsgemeinschaft  fiir  Histochemie,”  the  “Societe  Beige  d’Histochimie,” 
the  Italian  and  Japanese  histochemical  societies  and  several  non-auton- 
omous  sections  of  histochemistry. 

.\11  correspondence  on  scientific  Congress  matters  should  be  addressed 
to* 

Dr.  R.  ^^'EGMAXX, 

Institut  d’Histochimie  Medicale, 

4o,  rue  des  Saints-Peres, 

Paris  (6'’),  France. 

The  full  program  will  be  sent  on  recpiest. 

The  registration  fee  is:  825  for  full  membership, 

820  for  associate  members. 

THE  AMERK’AN  INSTITUTE  OF  ORAL  BIOLOGY 

The  17th  Annual  Meeting  of  The  American  Institute  of  Oral  Biology 
will  be  held  in  Palm  Springs,  California,  October  8-12,  1900,  preceding 
the  meeting  of  the  American  Dental  Association  in  Los  Angeles.  The 
faculty  will  comprise  the  following  speakers:  Benjamin  1 1.  Ershoff,  John 
Field,  Edgar  S.  Gordon,  Wilton  M.  Krogman,  Balint  Orban,  C.  M. 
Pomerat,  Hamilton  B.  G.  Robinson,  and  Milton  J.  Schiffrin. 
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A  TEXTBOOK  OF 
HUMAN  EMBRYOLOGY 

The  author’s  chief  aim  is  to  facilitate 
comprehension  of  human  development 
as  a  science  which  in  turn  can  assist 
understanding  of  adult  human  anat¬ 
omy. 

With  emphasis  on  function,  Pro¬ 
fessor  Harrison  has  sought  to  inte¬ 
grate  prenatal  with  post-natal  devel¬ 
opment,  and  both  with  adult  anatomy. 


By 

R.  G.  H.ARRLSON,  M.A.,  D.M. 

Derby  Professor  of  Anatomy 
University  of  Liverpool 


The  book  is  of  particular  value  to 
pre>clinical  an<l  clinical  students 
alike  as  a  lucid  foundation  for  their 
studies. 

Publication  date  February  1960 
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160  illustrations  (1  color  plate) 
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AND  ITS  ABNORMALITIES  (Amer. 
Lee.  Living  Chemistry).  Publication  date 
July  ’60 
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Breakdown  and  Synthesis  in  Living  Or¬ 
ganisms;  Their  Place  in  Human  Nutri¬ 
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An  Introduction  to  Philosophical  Medicine 
in  the  Era  of  the  Renaissance 


By  WALTEIR  PAGEL,  London 


Xn  +  68  p.y  with  36  illustrations,  1958,  sFr.  70. 


Up  to  the  present  Paracelsus  has  remained  a  controversial  figure  of 
equal  prominence  and  obscurity  in  the  History  of  Medicine,  Chemistry, 
Alchemy,  Magic,  Religion,  Philosophy  and  General  Literature.  For  cen¬ 
turies  his  brilliant  and  progressive  have  attracted  as  well  as  repelled  his 
readers,  but  so  far  no  hope  has  been  held  out  of  understanding  how  they 
were  arrived  at  and  how  they  emerge  from  a  unified  pattern  of  thinking. 

The  present  work  falls  into  three  parts:  In  the  first  Paracelsus  is  dis¬ 
cussed  as  a  figure  of  the  Renaissance,  and  his  general  ideas  such  as  that  of 
the  position  of  man  in  the  cosmos  and  the  access  he  has  to  truth  and 
Nature  are  interpreted.  The  second  part  treats  of  his  New  Medicine,  whilst 
the  third  is  devoted  to  the  ancient,  mediaeval  and  contemporary  sources 
of  Paracelsus — concluding  with  an  account  of  the  arguments  of  his  adver¬ 
saries  and  a  final  assessment.  The  result  is:  Paracelsus  was  neither  a  char¬ 
latan  nor  a  magician,  nor  was  he  a  scientist  nor  a  physician  of  the  modem 
stamp,  but  he  preached  a  new  synthesis  of  mystical,  magic,  scientific  and 
medical  elements — a  synthesis  to  which  access  is  sought  in  this  book.  It  is 
through  this  that  a  first  objective  analysis  of  the  influence  of  Paracelsus 
in  the  historical  development  of  medicine  and  science  becomes  possible. 
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